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ABSTRACT 
Distance education and web-based courses are now mainstream in the U.S. 
higher education involving over 80% of four year public universities and growing 
(NCES, 2003). This study investigated the relationships between students' 
characteristics and their perception of web-based learning and satisfaction with 
distance learning in five Web-based undergraduate biology courses in a Midwestern 
university. This quantitative study surveyed 279 students and used multivariate 
statistical techniques. The online survey combined Kolb's (1984) Learning Styles 
Inventory and Walker's (2003) Distance Education Learning Environment Survey 
plus demographic questions. The study found that the three dimensions of Moore's 
Transactional Distance Theory (Moore, 1974) may be linked with Kolb's two 
dimensional views of individual learning styles. For example, courses with high 
structure are perceived as more satisfactory by students with "abstract 
conceptualization" learning style. Based on this finding it is recommended that 
courses are designed to accommodate multiple learning styles with variety on all 
dimensions of transactional distance. 
The findings from this study indicated that in general students were satisfied 
with their web-based courses. Although there were significant differences in 
students' perceptions in relation to gender, age, and academic major these 
significant findings disappeared when course differences taken into consideration. It 
is recommended that further research replicate this study using random sampling. 
Alternatively, a more limited study may avoid confounding variables by selecting 
similar courses, such as using only large introductory biology courses. 
The number of hours students studied and their perception of science were 
both significant situational factors. An increase in the hours studied per week and a 
more positive perception of science were both related to increases in the perception 
of personal relevance, authentic learning, active learning, and student autonomy, 
interaction and collaboration. The strength of the effect of study hours varied with the 
course, such that students in the course that had a collaborative authentic activity as 
a final course project reported the significantly more study hours and more positive 
perception of the course. Based on these findings it is recommended that Web-
based courses include a variety of learning materials and activities that support 
differing characteristics and learning styles of students. 
1 
CHAPTER 1: INTRODUCTION 
1.1. INTRODUCTION 
This study is intended to provide Web-based course designers and instructors 
with research findings on the relationship between students' characteristics and 
students' perceptions and satisfaction with distance learning. Distance education 
has been a rapidly growing area of education and training in the world 
(Gunawardena & Mclsaac, 2004). The use of the Internet may be one of the most 
popular means of mediating learning and teaching at a distance. The Web provides 
learners with synchronous and asynchronous communications, and with flexible 
access to learning materials. Hence, learners work on their own time and at their 
own pace. The accessibility and flexibility of learning at a distance via the Web have 
great potential for delivery of learning to a variety of learners. This assists institutions 
to accommodate diverse student characteristics. Recently, higher education 
institutions have been offering more and more Web-based courses around the 
world, including the United States. 
The growth of distance education courses via the Web prompted educational 
research focusing on learners' characteristics and learning differences during the 
past twenty years (Hills, 2003; Khan, 2005). Approaches to learning emphasized the 
importance of taking learners' individual differences into consideration when 
designing instruction. For example, the Interstate New Teacher Assessment and 
Support Consortium (INTASC) created standards for new teachers by recognizing 
that, "The teacher intern understands how students differ in their approaches to 
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learning and creates instructional opportunities adapted to diverse learners" 
(standard 3, INTASC, 1992). Based on these standards, Slavin (2003) devoted a 
chapter on learners' characteristics and learning differences in his well-known book 
on educational psychology for teacher education. Slavin asserted that culture, 
socioeconomic status, ethnicity, gender, intelligence, learning styles, and 
exceptionalities have an impact on students' learning. 
Learners' characteristics have always been an important concern for 
educators, designers, and researchers (Chute, Thompson, & Hancock, 1999; Dick & 
Gary, 1996; Khan, 2005; Laurillard, 2001; Mason, 1994; Moore, 2005; Smith & 
Ragan, 1999; 1996; Schwitzer, Ancis, & Brown, 2001). Some of the individual 
differences pointed out in the literature are gender, age, prior experience, cognitive 
styles, preferred learning styles, interest, and G PA. Knowledge of learners' 
characteristics is important when deciding on the type of media by which the content 
will be delivered and the structure of distance courses in which diverse students will 
be accommodated (Khan, 2005; Laulliard, 2001). 
One important learners' characteristic is learning style preference—defined as 
an individual's preferred method of learning. According to Simonson, Albright, and 
Zvacek (2000), learning style could be one indicator of a successful distance 
learning experience. There have been various instruments developed to identify 
learning style differences. One is the Learning Style Inventory (LSI) developed by 
Kolb (1976, revised in 1984 and 1999). The LSI has appealed extensively to 
researchers and educators because of its strong theoretical base in experiential 
learning theory (ELT) (Kolb, 1976), which originated in the works of Piaget, Dewey, 
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and Lewin (Kolb, 1976). According to ELT, learning occurs when students participate 
in some activity, reflect upon the observations, use their conceptualization skills form 
their understandings from the experience, and then use their understandings to 
create new activities or incorporate them into new situations. Knowledge results from 
the combination of grasping and transforming experience. The theory draws two 
dialectically related modes of grasping experience—"Concrete Experience" (CE) and 
"Abstract Conceptualization" (AC)—and two dialectically related modes of 
transforming experience: "Reflective Observation" (RO) and "Active 
Experimentation" (AE). 
Evaluation is a critical part of developing distance learning courses to assure 
quality, a very important component of the acceptance of distance learning. 
Instruments (e.g., standards, rubrics, and survey instruments) are used to evaluate 
the quality and the effectiveness of distance education (e.g., Carnevale, 2000; 
Freeth, 2004; Henke, 1997; National Education Association (NEA), 2000; Walker, 
2003). Survey questionnaires have been used extensively for research in distance 
education (Romiszowski, 2004). One of the reasons may be its convenience to 
access a larger population (Ary, Jacobs, & Razavieh, 2002). In this study, survey 
research is conducted to gather and analyze data. 
One important element of evaluating distance learning has been students' 
perceptions and satisfaction (Lee & Driscoll, 2004). According to Khan (2005), 
institutions must evaluate the educational effectiveness of their distance education 
programs, including assessments of student learning outcomes, student retention, 
and student satisfaction, to ensure compatibility with campus-based programs. 
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Several factors may influence students' satisfaction with distance learning. Mason 
and Weller (2000) pointed out that students' satisfaction was affected most by 
instructor support, the amount of time devoted to study, and the extent to which the 
course content and presentation fit students' expectations and learning styles. Peer-
to-peer interactions and social presence also were addressed as important elements 
in learning and satisfaction (Garrison & Randy, 2000). 
As noted in the literature, several instruments have been developed recently 
to evaluate learners' perceptions and satisfaction with distance learning (Chang & 
Fisher, 2001; Clayton, 2004; Jegede, Fraser, & Fisher, 1998; Roberts, 2005; 
Steward, 2004; Taylor & Maor, 2000). One instrument, the Distance Education 
Learning Environment Survey (DELES), was developed by Walker (2003). The 
DELES was selected to collect data in this study because it is consistent with the 
theoretical framework used and its validity. The DELES has seven scales: (1) 
instructor support, (2) student interaction and collaboration, (3) personal relevance, 
(4) authentic learning, (5) active learning, (6) student autonomy, and (7) satisfaction. 
1.2. STATEMENT OF THE PROBLEM 
As Web-based education continues to grow, higher education institutions 
have begun to seek ways to evaluate the quality of distance education to improve 
teaching and learning in Web-based courses. The literature indicates that one of the 
elements of evaluating the quality of learning at a distance is to assess students' 
perceptions and satisfaction. One way to influence their perceptions and satisfaction 
is to design distance learning to accommodate differences among learners. 
Pedagogical approaches emphasize accommodating diverse learners' 
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characteristics as critical to developing effective distance learning experiences 
(Mason, 1994; Romiszowski, 2004). However, the relationship among learners' 
characteristics and learners' perceptions and satisfaction is not understood well. 
1.3. PURPOSE OF THE STUDY 
The purpose of this study was to investigate the relationships between 
learners' characteristics and learners' perceptions and satisfaction with distance 
learning in Web-based courses at a Midwestern state university. Learners' 
characteristics included gender, age, academic major, learning style preferences, 
enrollment status, number of Web-based courses taken previously, science 
perception, and hours per week studied. Students' perceptions of distance learning 
from Web-based courses were measured by the Distance Education Learning 
Environment Survey (DELES) developed by Walker (2003). Students' learning styles 
were measured by the Learning Style Inventory (LSI) developed by Kolb (1976, 
revised in 1984 and 1999). 
1.4. SIGNIFICANCE OF THE STUDY 
Distance education and Web-based delivery have become the mainstream in 
higher education, as indicated by the latest numbers of the National Center for 
Education Statistics (NCES). Eighty-nine percent of the 4-year public institutions 
offer distance education courses, an increase of 3 percentage points from the 
previous year (NCES, 2003) and the Web is the primary mode of instructional 
delivery. The majority of these institutions (87%) report they offered Internet courses, 
using asynchronous computer-based instruction as the primary mode of instructional 
delivery. As Web-based education grows, distance education research has included 
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assessing student achievement, perceptions, attitudes, behaviors, and 
characteristics, and their relationship to technology and the design of distance 
courses. 
Findings of this study will promote scientific knowledge in three ways. First, 
the findings will provide a descriptive analysis of students' characteristics in Web-
based courses at institutions of higher education. Second, findings will explore the 
relationship between learners' characteristics and learners' perceptions of Web-
based courses. In addition, findings will explore the effects of learners' 
characteristics and learners' perceptions on satisfaction with distance learning. 
Consequently, this study will assist in the design of Web-based courses that 
recognize learners' characteristics and perceptions to support effective and 
satisfying Web-based learning experiences. 
1.5. RESEARCH QUESTIONS 
The research question for this study was to determine the relationship 
between learners' characteristics, learners' perceptions of distance learning, and 
satisfaction with Web-based courses. This question has three sub questions: 
1. What is the relationship between students' demographic characteristics and 
their learning style preferences in Web-based courses? 
2. What is the relationship between students' demographic and situational 
characteristics and their perceptions of distance learning and satisfaction with 
Web-based courses? 
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3. What is the relationship between students' learning style preferences and 
their perceptions of distance learning and satisfaction with Web-based 
courses? 
1.6. LIMITATIONS OF THE STUDY 
Four major limitations were identified in this study that contributes to non-
representation of the population and skewing of the results. First, participation of the 
courses and students was voluntary, which may cause non-representation of typical 
Web-based courses in the Midwestern state university. Second, the content of these 
courses mostly was related to biology (for details, see section 3.6), so that the 
results may be biased to biology and science-related courses, although they are not 
the focus of this study. Third, the sample of this study was mostly from introductory, 
non-major, Web-based courses, so the findings may be biased to introductory non-
major courses. Fourth, because the sample for this study is derived from one 
institution, the results may not be generalized to a broader audience. 
1.7. DEFINITIONS OF TERMS 
Web-based Learning: Web-based learning indicates on-line delivery of instruction 
over the Internet. 
Learner Characteristics: Learner characteristics include gender, age, academic 
major, enrollment status (off-campus or on-campus), number of on-line courses 
taken previously (1, 2, 3, or more), perception of science (students selection of 
studying science as: "very hard," "hard," "acceptable," "easy," and "very easy"), study 
hours per week (average hours devoted to study and work for the course for a week: 
1-2 hours through 9 or more hours), and learning styles. 
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Learning styles: Learners have two preferred ways for grasping information— 
Concrete Experience (CE) or Abstract Conceptualization (AC), and two preferred 
ways for transferring information—Active Experimentation (AE) and Reflective 
Observation (RO) for knowledge transformation (Kolb, 1976) (Appendix, A). 
Perception of Distance Learning: Students' perceptions are measured by the 
Distance Education Learning Environment Survey (DELES) (Walker, 2003). The 
DELES measures students' perceptions through agreement level on 48 statements 
with a Likert-type range of alternatives. Statements addressed instructor support, 
student interaction and collaboration, personal relevance, authentic learning, active 
learning, student autonomy, and satisfaction with distance learning (Appendix I). 
1.8. SUMMARY 
This study explored the relationships between learners' characteristics, 
perceptions, and satisfaction with Web-based courses in higher education. Students' 
perceptions of distance learning in Web-based courses were measured by the 
Distance Education Learning Environment Survey (DELES), developed by Walker 
(2003). Students' learning style preferences were measured by the Learning Style 
Inventory (LSI), developed by Kolb (1976, revised in 1984 and 1999) based on the 
Experiential Learning Theory (Kolb, 1984). 
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CHAPTER 2: REVIEW OF THE LITERATURE 
2.1. INTRODUCTION 
The purpose of this literature review in educational research includes defining 
frontiers, placing questions in perspective, limiting questions, defining constructs, 
reasoning for contradictions, evaluating methods, locating instruments, avoiding 
unintentional replication, and interpreting results (Ary, Jacobs, & Razavieh, 2002). 
Since this study investigated learners' characteristics, learners' perceptions, and 
learners' satisfaction with Web-based distance learning, the literature presented in 
this chapter is intended to provide conceptual understanding of these topics in the 
context of distance education and Web-based learning, locate data collection 
instruments, and address previous research. Hence, the first section provides an 
overview of distance education and Web-based learning. This part will present 
theoretical perspectives and design principles for Web-based learning for this study. 
The second section reviews learners' characteristics on research about learning 
characteristics, students' perceptions and satisfaction with Web-based learning. This 
part of the literature review will present literature regarding learners' characteristics 
and what the literature says about them. One of the expectations from these 
sections was to identify a research gap for investigation. Therefore, the remaining 
literature critiques conceptual and methodological dimensions of noted research 
studies. Another purpose for the literature review was to identify survey instruments. 
2.2. METHODOLOGY 
The literature review process had two phases—"data collection and 
processing" and "writing and rewriting drafts." Data collection began with the 
determination of key words derived from the purpose of the study, which was "to 
investigate the relationship among learners' characteristics, learners' perceptions, 
and satisfaction of distance learning from Web-based courses in higher education." 
Key words identified were Web-based learning, perception/satisfaction, 
demographic, and learning styles. Several combinations of the key words were 
generated during the literature review to find published documents (e.g., journal 
articles, books, dissertation, reports, and statistics). 
Various information sites were used to find related resources. Search Engines 
were used to obtain on-line journal articles and other scholarly published documents. 
Education Indexes and Abstracts were used to find journal articles and dissertation 
studies. These included Dissertation Abstracts (ProQuest Digital Dissertations), 
Education Abstracts, Expanded Academic ASAP, and ERIC (Educational Resources 
Information Center). References of obtained studies were also a good resource to 
link other related scholarly articles. During the literature review, recent studies or 
updates were also considered for inclusion. Table 2.1 summarizes this study's hit 
amounts for keywords from 2000 to 2005. This explains that Web-based learning 
has been and continues to be a hot topic in distance learning literature. However, it 
is noted there have not been many studies on students' perceptions or satisfaction 
with Web-based learning, although it is recognized as an important element when 
designing instruction. Table 2.1 shows even fewer studies on students' perceptions 
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and or satisfaction with Web-based learning as related to learners' characteristics. 
This study intends to fill this research gap. Therefore, this literature review was 
constructed from the concepts this study developed on distance learning, particularly 
Web-based learning, learners' characteristics, particularly their relationship to 
students' perceptions and satisfaction. 
Table 2.1. Summary of keyword hits for literature search (from years 2000-2005) 
DL: Distance Learning 
WBL: Web-based Learning 
P/S: Perception/Satisfaction 
LS: Learning Styles 
D: Demographic 
DL WBL P/S LS 0 P/S+LS P/S+D 
ERIC 2493 1018 50 58 12 11 3 
Education Abstracts 1779 483 11 14 2 1 1 
Expanded Academic ASAP 1218 226 5 7 1 - -
ProQuest Digital Dissertations 658 93 15 8 5 2 2 
The university library system was used to obtain journals, books, and other 
documents. Documents were scanned through their abstracts and findings, and 
were classified in terms of their relationship to the purpose of this study. Selection 
was determined, based on their value to this study and the concern of validity and 
reliability. Therefore, peer reviewed articles were particularly preferred, since they 
were assumed to have a certain degree of quality in their methodology and study. 
Those studies, which did not clearly include their methodology, were either excluded 
or included with caution. Consequently, this literature review included 119 
documents. Thirteen were identified as research studies used to compare and 
contrast the findings of this study. The remaining documents were identified as 
theoretical and conceptual studies used to understand the conceptual framework of 
this study, as well as to discuss the results. The themes identified from this review 
consisted of students' perceptions and satisfaction, learning styles, and 
demographic characteristics, including gender, age, enrollment status, previous 
experiences, knowledge or competency, subject familiarity, and time spent for study 
hours/week. 
My academic advisor was the primary person to receive feedback to keep this 
study scholarly. Ph.D. Committee members also provided expertise for the issues in 
this study. Peer feedbacks were used to make the study clear for a broader 
audience. Revisits to the chapters also generated new ideas and restatement. 
The next section will discuss theoretical perspectives and issues in distance 
education and define Web-based learning. A set of principles for designing Web-
based instruction will be presented, followed by recent survey instruments 
identification. 
2.3. DISTANCE EDUCATION 
2.3.1. Overview 
According to the recent numbers of National Center for Educational Statistics 
(NCES) (2003), distance education continues to grow in higher education. Ninety 
percent of public 2-year and 89% of public 4-year institutions offered distance 
education courses in the academic year 2000-2001. The Internet and two-way video 
technologies were most often used as primary modes of instructional delivery for 
distance education courses by institutions of higher learning during the 12-month 
2000-2001 academic year. According to the numbers, among institutions of higher 
learning offering distance education courses, 90% reported they offered Internet 
courses using asynchronous computer-based instruction. In addition, 43% of these 
institutions that offered distance education courses offered Internet courses using 
synchronous computer-based instruction, 51% used two-way video with two-way 
audio, and 41% used one-way prerecorded video as a primary mode of instructional 
delivery for distance education courses. These numbers continue to increase. 
Distance education also grows worldwide (UNESCO, 2005). For example, in Turkey, 
715,510 adults received elementary and secondary education (MEB, 2002) and 
approximately 800,000 received higher education (AOF, 2005) by open and distance 
education in 2001-2002 education years, where I will serve as a future researcher 
and faculty member. These numbers indicate the importance of distance education 
in Turkey, when comparing the total number of 2,000,000 elementary and high 
school level students and 1,500,000 higher education students. Recently, in Turkey, 
traditional universities have been offering distance courses by using Web-based 
technologies. Therefore, this study focuses on distance education, particularly for 
Web-based higher education courses. After this brief overview on distance learning, 
the discussion will continue on some theoretical perspectives. 
Distance education is defined as an educational process of formal or informal 
instruction, using print or electronic communications media, where instructors and 
learners are separated by time and/or geographic location (Gunawardena & 
Mclsaac, 2004). There are multiple ways to deliver distance education. These 
delivery methods can be divided into two general categories—synchronous, which 
requires students and their instructor to gather at some place or places, at a given 
time, and asynchronous in which students and their instructor are not restricted by 
time and place (Lynch, 2002). Asynchronous distance education includes delivery of 
instruction using one or a combination of the following methods—the postal system 
to mail audio, vidéocassettes, or CD-ROMs; computer-based conferencing; Web-
based bulletin boards; and e-mail (Leach & Walker, 2000). Synchronous forms of 
distance education include those delivered by Web-based chats, Internet relay 
chats, multiple-user domains (MUD's), satellite television broadcasts, radio 
broadcasts, audio-conferences, and two-way videoconferences (Gunawardena & 
Mclsaac, 2004). A distance learning program may use either one or both of these 
delivery modes. The following section discusses theoretical perspectives on 
distance education. 
2.3.2. Theoretical Perspectives 
There has been discussion related to distance learning in the past. 
Gunawardena and Mclsaac, (2004) claimed that no central theoretical framework 
has been established yet to guide research in distance education. However, there 
are common elements identified from the research literature. These are learners' 
autonomy/control, interaction/dialogue, and structure. To illustrate, an ERIC key 
word search within distance education identified 1,379 studies on 
interaction/dialogue, 777 studies on autonomy/control, 691 studies on structure, and, 
more recently, 64 studies on social presence. The following theoretical approaches 
will cover these elements and provide a framework to use. 
A theory identified as a theoretical framework was the Transactional Distance 
Theory (Moore, 1974), a "seminal work, first introduced in the early 1970s" (Garrison 
& Randy, 2000). "The major contribution of this theory is that it determined distance 
not as a geographical phenomenon but as a pedagogical phenomenon 
(Gunawardena & Mclsaac, 2004, p. 361)." Moore (1993) and later Moore and 
Kearsly (1996, 2005) described transactional distance as a function of structure, 
dialogue, and learners' autonomy. Structure refers to the flexibility and 
responsiveness of a learning environment to accommodate learners' needs and 
differences. Dialogue refers to the interaction between instructors and learners. 
Learner autonomy is the characteristic of self-control and management that learners 
make decisions regarding their own learning. Figure 2.1 provides the author's 
perspective on the Transactional Distance Theory. There is an inverse relationship 
between structure and dialogue, and between dialogue and autonomy. The symbol 
of minus (-) in the figure symbolizes this inverse relationship. The dashed line 
indicates higher transactional distance linked to higher structure, lower dialogue, and 
higher learner autonomy. The complete line indicates lower transactional distance, 
linked to lower structure, higher dialogue, and lower individual autonomy. Following 
the dashed line, high structure indicates well defined and sequenced instructional 
activities such as instructor-delivered lectures. These courses require one-way 
interaction meaning that students and instructors present factual knowledge and 
share information. These courses require a high level of individual learning skills to 
grasp knowledge and transfer it. Following the complete line, low structure indicates 
a flexible design of courses and instructional activities such as problem-based 
activities situated in real life context. These courses motivate multi-way interaction 
through which students collaborate and discuss their ideas and create socially 
shared knowledge. These courses require a high level of social learning skills. 
Individual learning skills tend to be valued by more objectivist approaches in which 
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learners engage in activities defined by the instructor and learn by individual 
practice. Social learning skills tend to be valued by more constructivist approaches 
to learning in which the learner engages in activities situated in a social and cultural 
environment, and learn by social construct knowledge (Ernest, 1999). There are two 
commonly used instructional design models and principles: (1) objectivist, traditional 
instructional design models and constructivist or interpretivist instructional design 
models (Moallem, 2001). Objectivist instructional design emphasizes individual 
learning and control, sequence, memorize information, retrieve and share, and 
accomplish predefined tasks. An instructional developer who uses traditional design 
models analyzes the conditions, which bear on the instructional system (such as 
content, learner, and instructional setting) in preparation for achieving the intended 
learning outcomes. Constructivist instructional design values collaboration, learner 
autonomy, reflectivity, and active engagement (Moallem, 2001). Therefore, 
constructivist approaches would be appropriate strategies for flexible distance 
learning course design. For example, a well-known theoretical constructivist 
approach to hypertext, cognitive flexibility theory (Spiro & Jehng, 1990), emphasizes 
learners' control and offers a cognitively flexible hypertext-based learning 
environment in which learners can control their own learning paths through cross 
links embedded in hypertext. 
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Figure 2.1. The author's perspective on Moore's Theory of Transactional Distance (1974) 
Low transactional distance 
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Interaction or dialogue is "a theoretical construct of recent interest to distance 
educators that has received much attention in the literature" (Gunawardena & 
Mclsaac, 2004, p. 361). Moore (1989) made a distinction between three types of 
interactions—learner-content interaction, learner-instructor interaction, and learner-
learner interaction. Learners' content interaction relates to the interaction of learners 
with technical elements of course content such as text, multimedia, and links. 
Learner-learner interaction occurs when learners share and exchange information, 
discuss ideas, and collaborate activities with classmates. Examples of learner-
instructor interaction are the instructor motivates learners at the start of a unit of 
instruction, facilitates activities, and provides feedback. Additionally, other types of 
interactions have been addressed by the literature such as learner-interface 
interaction (Hillman et al., 1994) and learner-context interaction (Gibson, 1998). 
Garrison and Baynton (1987) elaborated learners' control in distance 
education. According to Gunawardena and Mclsaac, "Garrison and Baynton 
proposed moving beyond the concept of independence to the concept of control to 
encompass more fully the interactive aspects of distance education, particularly the 
interaction between teacher, learner, and other resources in the distance education 
context" (2004, p. 361). Garrison and Baynton (1987) argued that learners' control 
should be defined by learners' competencies and the support they receive. 
According to the transactional distance theory, dialogue should be increased 
as structure is decreased to decrease transactional distance. However, Garrison 
points out that the theory is somewhat weak in explaining the structure of and 
interrelation between dialogue, interaction, and student autonomy (Garrison & 
Randy, 2000). Research studies were conducted to investigate how transactional 
distance theory works in practical situations. An ERIC keyword search for 
transactional distance theory in journal articles came up with 28 studies with a title 
search of eight. Gorski and Caspi (2005) examined this limited number of empirical 
research studies and concluded that research partially supported and validated this 
theory. However, they noted that most of the studies lacked reliability and validity to 
some degree. In fact, their study indicated a clear lack of empirical evidence to 
assure premises of this theory, since they found only five empirical studies. It should 
also be noted that individual differences were not clearly addressed in transactional 
distance. Does the level of learners' autonomy vary with individual differences? For 
example, does being field dependent or field independent make a difference or does 
being someone who prefers CE or AC make a difference in the perception of 
autonomy? Therefore, this study could provide an input to this theory. 
Another recent theoretical interest in distance education is social presence. 
According to Gunawardena and Mclsaac, "Social presence is the degree to which a 
person feels socially present in a mediated situation or the degree to which a person 
is perceived as a real person in mediated communication" (2004, p. 363). They 
define two factors by citing Short, Williams, and Christies (1976) as the determinant 
of social presence: intimacy and immediacy. Intimacy depends on physical factors 
such as physical distance, eye contact, and smiling, while immediacy depends upon 
psychological factors. They asserted these concepts must be further investigated as 
social factors networked in learning environments spread in distance education. It is 
clear that multimedia can help increase intimacy and immediacy in rich formats of 
interaction, such as in live video conference between two individuals. 
One common weakness of these approaches is their lack of addressing 
differences among learners. For example, how learning style preference influences 
learners' need for social presence or high structure in distance learning is not well 
researched. Understanding differences among learners will help instructors and 
designers of Web-based instruction effectively design courses or programs for 
diverse student populations. Now, the discussion will continue on Web-based 
learning in distance education. 
2.3.3. Web-based Learning 
2.3.3.1. Definition 
Web-based learning is now considered a mainstream in higher education 
(McEven, 2001). There has been a tremendous growth in Web-based instruction 
over the past few years. According to numbers of a nationwide survey carried out by 
the Sloan Consortium, among over 1,100 colleges and universities in the United 
States, over 1.6 million students were studying on-line in the fall of 2002, and 
schools expected that number to grow substantially by fall 2003. Predicted on-line 
enrollment for 2003 was 1,920,734 and for 2004, numbers from the survey were 
1,971,397. 
Several different abbreviations, terms, and acronyms are used concerning 
learning on the Web. Some terms, more or less synonyms in the literature, are Web-
based instruction, Web-based learning, Web-based training, on-line learning, and e-
learning. Web-based learning is seen as an innovative approach for delivering 
instruction to a remote audience using the World Wide Web as the instructional 
delivery system. Khan (2005) defines Web-based instruction (WBI) as a 
hypermedia-based instructional program, which utilizes the attributes and resources 
of the World Wide Web to create a meaningful learning environment where learning 
is fostered and supported. 
Romiszowski (2004), one of the pioneers of instructional design, created a 
structured definition of on-line learning (Table 2.2). His definition suggested a two-
by-two dimensional relationship between interaction modes —synchronous and 
asynchronous—and learning activities—individual learning and collaborative 
learning. Recently, an increasing number of distance education programs offered 
blended courses, which employed several modes by collecting students at distance 
or in the classroom. For this study Web-based learning was seen as the delivery of 
learning and instruction in mainly the asynchronous mode thorough a Web-based 
course management system such as WebCT in higher education. 
Table 2.2. A structured definition of e-learning (adapted from 
Romiszowski, 2004) 
Learning Activity 
Individual Collaborative 
r Using stand-alone E-mail, discussion 
CO 2 courseware/ downloading board, etc. 0) 
"O O materials from the Internet etc. u 
s 
c Î 
y c Surfing the Internet, accessing Chat rooms, 
e 2 Web sites etc. whiteboards, jti r J_ O audio/video­
$ conferencing, etc. 
Having defined Web-based learning the next section identifies key principles 
for instructional design of on-line courses for this study. 
2.3.3.2. An approach to Web-based course design 
One approach to effective design of Web-based learning comes from 
Williams (2002), who carried out a qualitative study to determine the instructional 
design principles that guide the design of Web-based learning from the point of adult 
learning. She carried out her study in three phases: 1 ) face-to-face and on-line 
individual interviews with national experts, 2) the development of an on-line 
assessment instrument, and 3) analyzing ten Web-based training courses designed 
by instructional designers in business, industry, and higher education. She identified 
36 instructional strategies, based on the application of adult learning theory, 
principles, and the praxis of the subjects who participated in her study (Williams, 
2002). Later, Romiszowski (2004) classified this list into strategies. The following 
strategies were adapted from his classification: 
• Structure for individual differences: Effective Web-based instruction 
accommodates different learners' characteristics (genders, ages, life stages, 
professions, value systems, life experiences, goals, and motivations that may 
be expected in an adult group). 
• Interaction: Effective Web-based instruction provides a variety of 
opportunities and methodologies for interaction with peers and with instructor. 
• Feedback: Effective Web-based instruction provides a variety of feedback 
instruments and methodologies for self-evaluation, peer-evaluation, and 
alternative forms. 
• Relevance: Effective Web-based instruction provides appropriate meaningful 
examples, use of relevant illustrations and cases, allowing for the sharing of 
personal experience, etc. 
• Authentic Learning: Effective Web-based instruction provides appropriate 
case study and simulation exercises, based on known real-life contexts and 
problems. 
• Learner Autonomy: Use of study guides allowing for self-direction. 
These instructional strategies relate to adult learning (Williams, 2002) and can 
be classified as structure, interaction, feedback, personal relevance, authentic 
learning, and learner autonomy. These principles assisted in the selection of the 
research instrument for this study. From a review of the literature, eight instruments 
were found to evaluate Web-based learning (Table 2.4). A review of their 
development methodology revealed that most were developed from interviews with 
learners and expert educators without paying sufficient attention to theoretical 
concerns. This study preferred those that relate with the theoretical perspectives 
addressed by the literature (Garrison & Baynton, 1987; Gunawardena & Mclsaac, 
2004; Moore, 1974; Moore & Kearsly, 1996, 2005) in section 2.3.2 and the 
instructional design principles addressed by the work of Williams (2002). As a result 
of the perspectives and the principles, the concerns identified for this study can be 
summarized as Interaction, Relevance, Authenticity, Autonomy, Structure, and 
Feedback. Table 2.3 displays the relationship between the instruments and these 
concerns of distance learning. Hence, the survey instrument developed by Walker 
(2003) was found as the most relevant study because it addressed all but structure. 
Therefore, it was selected as the survey instrument to measure students' 
perceptions and satisfaction for this study. Another reason for choosing his survey 
was the documentation about its construction, reliability, and validity, which are 
presented in detail in the section of 3.4.3 of Chapter 3. Walker developed the survey 
as the product of his thesis for a doctorate of science education. He named the 
survey the Distance Education Learning Environment Survey (DELES) and validated 
this by means of a field test that resulted in 680 responses from 13 countries, 
primarily the United States, Australia, New Zealand, and Canada. 
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Table 2.3. Web-based learning environment survey instruments and their 
relation to important concepts defined by (Moore, 1974) and Williams (2003) 
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Roberts, et al., 2005 
Clayton, 2004 
OUHK/CRIDAL, 2004 • 
Stewart et al., 2004 
Walker, 2003 • V Z • 
Dougiamas & Taylor, 2002 • 
Chang and Fisher, 2001 • • • 
Jegede et al., 1995 • 
Now the review continues with an analysis of learner characteristics possibly 
important to design Web-based learning. 
2.4. LEARNER CHARACTERISTICS 
The purpose of this section is to give a brief overview of learners' 
characteristics as pointed by scholars in the field, research to create an 
understanding of these characteristics, and to view controversies surrounding 
learners' characteristics. After an overview, the discussion will focus on learning 
styles. Then, it will continue on research findings on learners' characteristics and 
their relationships to outcomes of distance learning with a particular interest in 
students' perceptions and satisfaction of distance learning in Web-based courses. 
2.4.1. Demographic and Situational Characteristics 
"It is often helpful to know how individual differences (e.g., intelligence, 
creativity) and group differences (e.g., those associated with being female or 
growing up in a particular ethnic group) potentially affect the behaviors and 
beliefs that different students bring with them to the classroom." (Ormrod, 
2000, p. 160) 
Diversity of the student population in on-line courses poses a challenge to 
instructors when developing distance courses. One component that should be taken 
into consideration is that many important issues stem from the characteristics of 
distance learners, whose aims and goals may be quite different from those of 
traditional students. According to Chute, Thompson, and Hancock (1999), the 
characteristics they bring with them influence the design, structure, and operation of 
a distance learning system. 
Education Psychology (Eggen & Kauchak, 2001; Ormrod, 2000; Slavin, 2003) 
emphasizes that learners have different characteristics such as in intelligence, 
gender, culture, and socioeconomic status, and their learning is affected by their 
characteristics. Cognitive approaches to learning emphasize the cognitive 
development of learners. For example, Piaget (1972) focuses on cognitive 
development stages of kids. These stages include sensorimotor stage, 
preoperational stage, concrete operational stage, and formal operational stage. For 
example, in the concrete operational stage (6 or 7 until about 11 or 12 years old) 
children have adult-like logic but limited to reasoning about concrete reality. On the 
other hand, Vygotsky dwells more on the social conditions that facilitate cognitive 
development. The major theme of Vygotsky's theoretical framework is that social 
interaction plays a fundamental role in the development of cognition. Vygotsky 
(1978) states: "Every function in the child's cultural development appears twice: first, 
on the social level, and later, on the individual level; first, between people 
(interpsychological) and then inside the child (intrapsychological)" (p. 57). Therefore 
26 
social and cultural characteristics of learners also have effects on learning as well as 
cognitive. 
The students in any single classroom will be diverse in terms of individual 
differences. Clearly, different students have different characteristics and needs. For 
example, males and females are different. According to Eggen and Kauchak (2001, 
p. 149), "In general, women are more extroverts, anxious, trusting, less assertive, 
and have slightly lower self-esteem than their male counterparts." On the other 
hand, according to Ormrod (2000), many gender differences appear to be largely the 
result of the differing environmental conditions that boys and girls experience as they 
develop. Therefore environmental conditions should be taken into consideration 
when designing instruction. 
Gagne (1985), in his theory of Conditions of Learning, identifies five major 
categories of learning—verbal information, intellectual skills, cognitive strategies, 
motor skills, and attitudes. According to this theory, different internal and external 
conditions are necessary for each type and level of learning. For example, to 
improve cognitive strategies, learners need to practice developing new solutions to 
problems. Therefore, when designing instruction, designers need to carry out a 
learners' analysis (Dick & Gary, 1990; Smith, & Ragan, 1999) to define learners' 
existing level of categories of learning to define learning tasks. Likewise Gardner 
(1983) identified seven forms of human intelligence as linguistic, musical, logical-
mathematical, spatial, body-kinesthetic, intrapersonal and interpersonal. Determining 
students' levels of intelligence will help to adjust learning tasks to accommodate their 
characteristics. 
Cross (1981 ) presents the Characteristics of Adults as Learners (CAL). She 
defined two classes of variables—personal characteristics and situational 
characteristics. Personal characteristics include aging, life phases, and 
developmental stages (e.g., marriage, job changes, retirement). Situational 
characteristics include prior knowledge or experience, work hours, and attitude. The 
literature in distance higher education indicates various student characteristics 
investigated by research. Some were "demographic characteristics (such as gender, 
race/ethnicity, and age); indicators of socioeconomic status (such as parents' 
highest level of education and students' family income); family status (marital status 
and whether students had dependent children); institution and academic 
characteristics (such as institution type, and students' class level, degree program, 
and field of study); and employment characteristics" (NCES, 2003, p. 5). Others may 
include personality characteristics (introvert-extrovert, thinking-feeling), cognitive 
characteristics (e.g., field dependence-independence), learning style preferences 
(e.g., AE, AC), and situational characteristics (e.g., experience with distance 
learning, time spent per week to study) (Thompson, 1998). 
According to Thompson (1998), most studies of distance learners in North 
American higher education report that more women than men are enrolled in 
courses delivered at a distance. Likewise, according to NCES (2003), females were 
more likely than males to take distance education courses. Although the methods of 
reporting student ages vary from study to study, researchers agree that distance 
education students are, on average, older than typical undergraduate students 
(Thompson, 1998). In their meta-analysis on distance education research Zhao et al. 
(2003) claimed, "There is not sufficient information about learners' characteristics to 
examine how individual characteristics affect learning outcomes of distance 
education" (p. 44). However, gender-based differences in performance and learning 
have long been recognized as an important focus for research (Herring & Smaldino, 
1998; Weinman & Cain, 1999; Richardson & French, 2000). The growing awareness 
of the impact of gender on-line and the rapid increase of on-line education validates 
the study of gender and on-line learning as an important research subject. There is 
debate if the Web is suitable to the learning styles of female students. Anderson 
(1997) suggests that female learners have more preference for conventional 
communication. However, Belanger (1999) claimed that the Web may be more 
suitable to the learning style of females, once there is no longer a lower rate of 
female participation on the Internet. Also, Lund et al. (1997) asserted their evidence 
suggested that a well-designed on-line unit may assist in overcoming gender-related 
differences in confidence for studying on-line and using the Internet, in general. On 
the other hand, findings concerning the relationship between learning styles and 
gender present no definite results, some surveys found differences, but a detailed 
analysis of this field is yet to come (MeBmer & Schmitz, 2004). Mungania (2003) 
reported that age, gender, level of education, prior experiences with computers and 
e-learning, and job position are not statistically significant predictors of barriers. The 
reason for the controversy might be that learning is context bound either in the 
classroom or the distance. 
Consequently, learner characteristics could be summarized into three 
categories as demographic characteristics, cognitive characteristics, and situational 
characteristics. Demographic characteristics include gender, age, education, 
socioeconomic status, ethnicity, etc. Cognitive characteristics include cognitive 
styles (e.g., field dependent/independent, holistic/analytic), learning style 
preferences (e.g., CE/AC, visual/audio) and situational characteristics include prior 
knowledge, experience, time spent per week to study, attitude/perception, etc. For 
this study, learners' characteristics consisted of demographic characteristics 
(gender, age, and academic major), situational characteristics (enrollment status, 
number of Web-based courses taken previously, study hours per week, science 
perceptions), and learning styles. Now the discussion moves on to learning style 
preferences. 
2.4.2. Learning Style Preferences 
Coffield, Moseley, and Ecclestone (2004) offer "the theory and practice of 
learning styles has generated great interest and controversy over the past 20 years 
and more" (p, 8). A learning style is defined as an individual's preferred way of 
learning. According to Jonassen and Grabowski (1993), there is a general 
agreement that Individuals differ in their general skills, aptitudes, and preferences for 
processing information, constructing meaning from it, and applying it to new 
situations. Learning styles emphasize that individuals perceive and process 
information in very different ways. Keefe (1979) defines learning styles as the 
composite of characteristic cognitive, affective, and physiological factors that serve 
as relatively stable indicators of how a learner perceives, interacts with, and 
responds to the learning environment. 
Numerous and diverse inventories of learning styles have been reported in 
the literature as shown in Table 2.4. It should be noted there might be more learning 
style inventories in the entire literature not presented here. There are various ways 
to present these inventories, according to their approaches to learning. The purpose 
of giving the following table is not to present an inventory of learning styles, but to 
demonstrate how the interest in learning styles appeal to research. However, further 
research still is needed in various contexts and levels to understand their benefits to 
the knowledge of students' learning styles in their learning processes. Almost all 
researchers and educators claim the importance of learning styles. Kolb' s learning 
style (1976) inventory (the LSI) is based on a firm theoretical base and used 
extensively by the literature. Therefore, the LSI was selected to identify respondents' 
learning style preferences in this study. The sound theoretical background and wide 
use in the research literature will be beneficial to interpret the findings of this study, 
since it is selected for these reasons. A broader description, reliability and validity of 
the LSI will be presented in Chapter 3. 
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Table 2.4. Learning styles measurement instruments (Source: Coffield, Moseley, & Ecclestone, 2004) 
Based on Based on Based on Based on learning Based on learning 
constitution cognitive personality preferences approaches, strategies, 
structure orientations 
Dunn & Dunn, Riding, Apter, Allinson & Hayes, Entwistle, 
Gregorc, Broverman, Jackson, Herrmann, Sternberg, 
Bartlett, Cooper, Myers-Briggs Honey & Mumford, Vermunt, 
Betts, Gardner et al., Epstein & Kolb, Biggs, 
Gordon, Guilford, Meier, Felder & Conti & Kolody, 
Marks, Holzman & Klein Harrison- Silverman, Grasha-Riechmann, 
Paivio, Hudson, Branson, Hermanussen, Hill, 
Richardson, Hunt, Miller Wierstra, Marton & Saljô, 
Sheehan, Kagan, de Jong & McKenney & Keen, 
Torrance Kogan, Thijssen, Pask, 
Messick, Kaufmann, Pintrich, Smith, 
Pettigrew, Kirton, Garcia & McCeachie, 
Witkin McCarthy Schmeck, 
Weinstein, 
Zimmerman & Palmer, 
Whetton & Cameron 
Moran (1991), citing Gorham (1986), identified the following three key 
assumptions purported to be addressed in most research on learning styles: 
1. People differ consistently from each other in their preferences (e.g., 
emotional, environmental) for certain ways of processing information (the 
"individual differences" assumption) (Moran, 1991, p. 240). 
2. These individual differences are measurable (the "measurement" 
assumption) (Moran, 1991, p. 240). 
3. Matching or mismatching students' learning styles with instructional 
techniques affects learning significantly (the "matching hypothesis") 
(Moran, 1991, p. 240). 
It is worth noting these assumptions, since they summarize and form the 
basis of research literature for learning style inventories in a way that guides future 
researchers to construct their hypothesis in sensible ways. Knowledge about 
students' learning styles provides an understanding of students' particular 
preferences, which can benefit design, development, and delivery of educational 
materials. Knowledge of students' learning styles can also help instructors motivate 
students' learning through attempts to individualize instruction (Kaplan & Kies, 
1995). In the other words, understanding learning styles can improve planning, 
producing, and implementing educational experiences so they are more 
appropriately tailored to students' expectations, to enhance their learning, retention, 
and retrieval (Federico, 2000). According to Heerema and Rogers (2001), high-
quality instruction is best achieved when students receive an educational experience 
customized to their individual learning abilities. When a design of course and 
instruction matches a student's learning style, that student typically experiences 
greater satisfaction and a more positive attitude toward the course (Bajraktarevic, 
Hall, & Fullick, 2003). McLoughlin (1999) recommended that in designing for a 
diverse student body, the research literature on learning styles can provide insights 
that have the potential to improve instructional design. 
According to Santos (2004) three basic approaches to learning styles and 
instruction exist. The first approach is to identify a person's individual learning style 
and then adapt instruction toward that person's strengths and preferences. A profile 
of the learner can be developed using several different learning style instruments. 
The second approach is to identify a person's preferred style and then to give 
instruction aimed toward the opposite preference to strengthen that student's 
weaknesses. However, there is considerable controversy with this method. The third 
approach is do not attempt to identify an individual's style, but rather use different 
instructional methods and media in the overall Course-Design. This third approach 
represents an attempt to reach all learners and assumes that every student will find 
something in the course that appeals to him or her. This study takes a similar 
position with the third approach. Therefore, it is not intended to discriminate learners' 
characteristics from each other. A multivariate approach will be executed to provide 
a holistic understanding of investigated learners' characteristics, by taking their 
interrelation into account. 
Having a conceptual understanding of learners' characteristics, the next 
section discusses research on this topic. 
2.4.3. Research Findings 
2.4.3.1. Introduction 
This section discusses research findings on learners' characteristics in Web-
based learning. Thirteen research studies identified among 119 documents, found 
by the literature search as explained in the section of "Literature Review 
Methodology" at the beginning of this chapter. The research studies were examined 
in terms of learner characteristics (e.g., learning styles, gender, age, and situational 
characteristics), investigated dependent variables (perception, attitude, and 
achievement), data collection instruments, data analysis methodology, and 
significant learners' characteristics found (Table 2.5). 
The first column reports authors and publication years in alphabetical order. 
The second column summarizes the context of research by sample size, grade level, 
and subject area. The third and fourth columns present investigated learner 
characteristics (e.g., gender, age, and learning styles) and dependent variables 
(e.g., attitude, perception, and achievement). The fifth column summarizes and 
presents treatment and data collection instruments. The sixth column summarizes 
and presents research design (e.g., survey and experimental) and data collection 
methods (e.g., t-test, analysis of variance, correlation, and regression). The last 
column summarizes significant findings. 
As shown in Table 2.5, the most emphasized characteristics relate to Web-
based learning were studies which focused on learning styles (nine studies) and 
gender (five studies), followed by age (three studies). Prior knowledge, experience 
with the Internet, previous online learning experience, and enrollment status were 
also found related with Web-based learning. Most of the studies investigated attitude 
or attitude change toward Web-based learning (five studies), followed by perception 
(three studies) and achievement (three studies). It should be noted that, because 
most of the studies are discussed more than once, each study will only be 
summarized when it is introduced. While instruments measuring individual 
differences will not be discussed because they were a topic in a previous section of 
the literature review, they remain a contentious issue. The twelve studies are now 
discussed in the following order of topic: gender, age, situational characteristics, 
learning styles, and perception and satisfaction. A concluding critique is also 
provided at the end of the section. 
2.4.3.2. Gender 
Seven studies investigated gender differences based on learner's attitude, 
perception, and achievement in Web-based learning. Four of these studies found 
gender differences (Hart, 1995; Njagi, Smith, & Isbell, 2003; Frederickson, Pelz, & 
Swan, 2000; Sussman & Tyson, 2000), while the others didn't find any gender 
difference (Koohang & Durante, 2003; Lu, Yu, & Liu, 2003; Shih & Gamon, 2002). 
Hart (1995) surveyed one hundred undergraduate students, who were 
participating in a network-based management statistics course. He applied the 
Kolb's Learning Style Inventory (1984) and used an attitude questionnaire including 
demographic characteristics of students at the end of the semester. The attitude 
questionnaire consisted of statements on students' learning activities in the 
hypertext environment of the Web-based course. Consequently, Hart found a gender 
difference that females were more likely than males to print out important information 
for them. However, Hart didn't report any significance test. Therefore, it is not 
possible to determine the significance of the finding. 
Njagi, Smith, and Isbell (2003) carried out a regression analysis to explore 
whether learner characteristics are a factor to predict students' attitude changes 
towards Web-based learning resources. The sample included one hundred and 
twenty-seven university students in a Western Civilization class. The findings 
indicated that gender was a significant predictor of positive attitude change. 
Sussman and Tyson (2000) carried out a disCourse-Analysis to investigate 
differences between genders, based on their communication patterns in discussion 
boards of newsgroups on the Web. They analyzed the data, using a test of the 
analysis of variance. They found females communicating more frequently than men, 
while males wrote longer discourse than females. 
On the other hand, Koohang and Durante (2003) found no gender effect on 
learner perception of Web-based learning. They surveyed one hundred and six 
undergraduate students from a hybrid management program. They developed and 
used a 10-item perception questionnaire, using a five-point Likert scale on Web-
based learning activities and assignments. 
Lu, Yu, and Liu, (2003) investigated sixty-nine graduate students in a 
management information systems class. They investigated the effects of learner 
characteristics on the performance of learners measured by students' final grade. 
They analyzed the data by using multivariate techniques, including correlation 
analysis and univariate analysis of variance. Their findings indicated no gender 
effect on achievement as measured by final grade. 
Frederickson, Pelz, and Swan (2000) investigated 1,406 students enrolled in 
the SUNY learning network, which is the Web-based education component of the 
State University of New York. They investigated students' perceived learning and 
satisfaction with Web-based courses. Their findings indicated that female students 
reported higher levels of perceived learning than reported by male students. 
Consequently, research findings here indicated that although gender relates 
to learner attitude toward Web-based learning, it does not relate to learner 
perception of learning activities. However, more research findings are needed to 
assure the relationship between gender and outcomes of Web-based learning. 
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2.4.3.3. Age 
Four studies investigated the effect of age in learner attitude, perception, and 
achievement in Web-based learning (Koohang & Durante, 2003; Lu, Yu, & Liu, 2003; 
Njagi, Smith, & Isbell, 2003; Frederickson et al., 2000). Frederickson et al. found that 
students aged between 16 and 25 reported they learned the least and were the least 
satisfied with Web-based learning, while students over 36 years old reported they 
learned the most and were the most satisfied with Web-based learning. However, 
other studies found no significant effect of age. One possible cause why age was 
found insignificant by most of these studies might be because of the age range they 
used. Since the scope of these studies included mostly university classes and 
mostly undergraduate students, there might not be a clear distinction among the 
ranges of age groups. Age differences may occur when broader learner groups are 
investigated. 
2.4.3.4. Situational characteristics 
Situational learner characteristics identified from the research are enrollment 
status (Hart, 1995), previous experience, knowledge or competency (Alomyan & Au, 
2004; Oh & Lim, 2005; Shih & Gamon, 2004; Lu et al., 2003; Koogan & Durante, 
2003), school level (Shih & Gamon, 2004; Niagi et al., 2003), subject familiarity (Shih 
& Gamon, 2004; Lu et al., 2003), and time, spent for study hours/week (Shih & 
Gamon, 2004; Niagi et al., 2003). Studies found that enrollment status (Hart, 1995), 
time spent for study hours/week (Niagi et al., 2003), previous experience, knowledge 
or competency (Oh & Lim, 2005; Alomyan & Au, 2004; Niagi et al., 2003; Koogan & 
Durante, 2003) are significant in Web-based learning. 
Alomyan and Au (2004) found prior knowledge and motivation as significant 
factors explaining more than 25 percent of the final grade. Hart (1995) found various 
differences between full-time and part-time students, based on their learning 
preferences. However, they didn't report the significance level of their findings so 
one can understand the importance of these differences. Koogan and Durante 
(2003) found students who were more experienced with the Internet significantly 
scored higher in perception of Web-based learning. Oh and Lim (2005) also found 
previous online learning experience and computer competency significantly 
correlated with students' attitudes toward Web-based learning. 
2.4.3.5. Learning styles 
Nine studies investigated the relationship between students' leaning styles 
and learner attitudes, perceptions, and achievement in Web-based learning. 
Federico (2000) found students' learning styles as a factor in their attitudes toward 
Web-based learning. They investigated two hundred and thirty-four graduate 
students enrolled in different academic programs of the Naval Postgraduate School. 
Federico used a hidden figure test to identify respondents' field dependency level 
along with Kolb's Learning Style Inventory (Smith & Kolb, 1996 as cited in Federico, 
2000) to measure respondents' learning style preferences. He used a 60-item 
questionnaire to measure respondents' attitudes toward Web-based learning. 
Federico found that students with assimilating and accommodating learning styles 
were significantly more positive toward Web-based learning than those with 
converger and diverger learning styles, as a result of multivariate analysis of 
variances. This result seems strange, since assimilating and accommodating 
learning styles are theoretically opposite to each other. Therefore, it is not possible 
to interpret these results consistent with the theoretical assumptions of Kolb's 
Learning style inventory. 
Hart (1995) also investigated students' attitudes toward a network-based 
learning environment. He surveyed one hundred undergraduate students, who were 
participating in a management statistics course. Hart applied Kolb's Learning Style 
Inventory (1984) and used an attitude questionnaire that included demographic 
characteristics. The attitude questionnaire consisted of statements on students' 
learning activities in the hypertext environment of the Web-based course. As a result 
of a percentile analysis, Hart (1995) found that convergers were more likely than 
accommodators, divergers, and assimilators to have a printed course handbook than 
use the Web. However, she didn't execute any test of significance to decide on how 
these differences were important. 
Chen and Macredie (2004) also investigated students' perceptions and 
attitudes toward Web-based learning. They surveyed sixty-one master's students 
from various courses of a master's program in Information Systems and Computing 
at Brunei University. They applied a cognitive style analysis test to identify 
respondents' field dependency as well as a questionnaire to measure their 
perceptions and attitudes toward Web-based learning. They analyzed the data in 
terms of percentile scores, based on agreement levels on statements about Web-
based learning. Differences were found among learning style groups based on 
perceptions and attitudes toward Web-based learning. Field-dependent students 
displayed more positive perceptions toward the Web-based instructional program. 
Bajraktarevic et al. (2003) investigated students' learning in hypermedia 
learning environments. They compared students' learning in matched and 
mismatched sessions in terms of students' learning styles. They used a pretest-
posttest design to identify students learning as a result of a learning activity. They 
used two hypermedia learning coursewares. One was developed to match students 
learning styles, while the other was not. As a result of a t-test, they found that 
students obtained significantly higher results in matched sessions as compared to 
students using mismatched sessions. 
Sabry and Baldwin (2003) investigated one hundred and eighty-nine 
undergraduate and graduate students from an information systems program to 
analyze the relationships between their learning styles and their perceptions of 
interaction in Web-based courses. Sabry and Baldwin used an index of learning 
styles to measure students' level of preferences of global and sequential learning. 
They executed a descriptive analysis by using percentile scores of students, based 
on their perceptions of interaction in the Web-based courses. They found various 
differences between students with global learning styles and students with 
sequential learning styles in terms of their perceptions on various activities 
associated with learner-information interaction, learner-tutor interaction, and learner-
learner interaction in Web-based courses. However, they didn't carry out a test of 
significance to understand the size of the differences. 
On the other hand, four studies (Alomyan & Au, 2004; Lu, Yu, & Liu, 2003; Oh 
& Lim, 2005; Shih & Gamon, 2002) could not identify any relationship between 
learning styles and learners' attitudes, perceptions, and achievement in Web-based 
learning. Alomyan and Au (2004) surveyed seventy-one undergraduate students of 
an educational psychology class at the University of South Australia. They 
investigated the effect of learners' characteristics (learning styles, motivation and 
prior knowledge) on their final grades. Alomyan and Au used a cognitive style 
analysis test to measure respondents' field dependency and a five-item 
questionnaire to measure achievement motivation. They executed multivariate 
analysis of variances, using a one-way analysis of variance, correlation analysis, 
and regression analysis to identify relationships among learner characteristics and 
their final grades. Alomyan and Au found no significant effect of learning styles on 
final grades. 
Lu, Yu, and Liu (2003) surveyed sixty-nine graduate students from a 
management information systems class. They investigated the relationship between 
learners' characteristics and their achievements in terms of final grades. Lu, Yu, and 
Liu used a group embedded figure test to measure respondents' field dependency 
level. They used a one-way analysis of variance to analyze data and found no 
significant relationships between learning styles and final grades. 
Oh and Lim (2005) surveyed one hundred and four undergraduate students of 
various Web-based courses at the University of Tennessee. They investigated the 
relationship between students' learning styles and attitudes toward Web-based 
learning. Oh and Lim used a group embedded figure test to measure students' field 
dependency levels, along with a 25-item questionnaire measuring students' attitudes 
toward Web-based learning activities. After executing a correlation analysis, Oh and 
Lim found no significant relationships between students' learning styles and attitudes 
toward Web-based learning. 
Shih and Gamon (2002) surveyed ninety-nine undergraduate and graduate 
students of introductory zoology and biology classes at Iowa State University. They 
investigated the relationship between learner characteristics and their achievement 
as determined by final grades. They used a group embedded figure test 
questionnaire to identify students' learning styles as field dependent or not. Shih and 
Gamon executed a regression analysis and found no relationship between learning 
style and achievement. 
2.4.3.6. Perception of Web-based learning 
The way we perceive our environment is what makes us different from each 
other. Perception as a psychological term "is the selection, organization, and 
interpretation of sensory input...." ( Weiten, 1989, p. 106). Chen and Macredie 
(2004), Koohang and Durante (2003), and Sabry and Baldwin (2003) investigated 
students' perceptions of Web-based learning. Although they didn't define their 
understanding of perception, their approaches were similar in that they measured 
students' perceptions by using their agreement with views on different aspects of 
Web-based learning through Likert-type instruments. Perception for this study was 
defined as students' interpretations of distance learning components and activities. 
Perception of distance learning was measured using students' agreement or 
disagreement level with statements expressing views on Web-based learning 
activities as it is in the DELES survey. Distance learning perception was based on 
instructor support, students' interactions and collaborations, personal relevance, 
authentic learning, active learning, student autonomy, and overall distance learning 
satisfaction. 
Chen and Macredie (2004) found that learning styles (measured as field 
dependent-independent) and experience with the Internet were significant 
characteristics of learners in terms of students' perceptions with Web-based 
activities including nonlinear interaction, hypertext navigation, independent learning, 
and content presentation. Koohang and Durante (2003) found that students more 
experienced with the Internet were more positive with Web-based learning activities, 
including real-world examples, personal relevance, interaction, and problem solving. 
Sabry and Baldwin (2003) found various differences between sequential learning 
styles and global learning styles, based on the perception of interaction in Web 
courses (Learner-Information, Learner-Tutor, and Learner-Learner interaction). 
Students overall satisfaction with Web-based learning was another focus of this 
study. However, none of the studies examined students' overall satisfaction with 
Web-based learning as it relates to learners' characteristics. 
Table 2.5. Summary of 13 studies found in learner characteristics research in Web-based learning 
Author(s) Sample size Investigated Investigated Treatments ), Research design, Significant 
(Year) Grade level, Learner Dependent Data Collection Data Analysis relationships 
Subject area Characteristic(s) Variable(s) Instrument(s) Method(s) 
Alomyan & Seventy-one Learning styles Final Grade A Web-based Pre-test Prior knowledge and 
Au undergraduate students (Field dependent/ learning Post-test design. Motivation were found 
(2004) participating in a Web- Field independent) package, to be significant 
based educational Motivation, One-way analysis factors explaining 
psychology class at the Prior knowledge The Cognitive of variance, more than 25 percent 
university of south Style Analysis Correlation and of final grade 
Australia. Test, 
A five item-
Achievement 
Motivation 
Scale 
Regression 
analysis 
Bajraktarevic Twenty-two 10th grade Learning Styles Recall from Two sets of Pre-test Learning style: 
et al. (2003) students participating in (Introvert/extravert) the hypertext hypertext Post-test design. Significantly higher 
a geography course. Verbal/visual 
Sensitive/intuitive 
environment courseware. 
(Comparison of 
results were obtained 
for the matched 
Global/sequential The Felder-
Solomon 
Learning Style 
Inventory 
matched and 
mismatched 
sessions): t-test 
sessions compared 
with the mismatched 
session. 
Table 2.5. Summary of 13 studies found in learner characteristics research in Web-based learning (cont.) 
Chen & Sixty-one master's Learning Styles Perception and A Web-based Survey Learning style: Differences 
Macredie students from various (Field dependent/ Attitude toward instructional design. were found among learning 
(2004) courses of a master's Intermediate/ Web-based courseware, style groups based on 
program of Information Field learning One-way perception and attitude 
Systems and Computing at independent) The Cognitive analysis of toward Web-based learning. 
Brunei University Style Analysis variance 
Test, 
A perception 
and attitude 
questionnaire 
Federico Two hundreds and thirty Learning styles Attitude toward Web-based Survey Learning style: Students with 
(2000) four graduate students (Field dependent/ Web-based courses, design. assimilating and 
participating in various Field learning accommodating learning 
based courses in the independent; The Hidden Discriminant styles were more positive 
Naval Postgraduate Converger/ Figure Test function toward Web-based learning 
School. Diverger/ analysis 
/assimilator/ The Kolb's 
Accommodator) Learning Style Univariate 
Inventory analysis of 
variance 
A 60-item 
Attitude 
Questionnaire 
Table 2.5. Summary of 13 studies found in learner characteristics research in Web-based learning (cont.) 
Hart (2005) One hundred Learning Styles Attitude Use of hypertext to Survey Learning Style: 
undergraduate students Converger/ toward Web- access Course- design. Convergers were more likely 
from management Diverger/ based Documents, than the others to have a 
statistics course /assimilator/ learning Percentile printed course handbook 
Accommodator), The Kolb's Learning than use the web. 
Gender, Style Inventory 
Enrolment status Gender: 
A Attitude Females were more likely 
questionnaire than males to print out 
important information 
Enrolment status: various 
differences were found 
between full-time and part 
time students based on their 
use of hypertext. 
Koohang & One hundred and six Gender, Perception of Web-based activities Survey Experience with the Internet: 
Durante undergraduate students Age, Web-based and assignments of design. Students more experienced 
(2003) from a hybrid Experience with learning the hybrid course. with the Internet were more 
management program the Internet One-way positive with Web-based 
A 10-item perception analysis of learning activities. 
Questionnaire on variance 
Web-based learning 
activities and 
assignments 
Table 2.5. Summary of 13 studies found in learner characteristics research in Web-based learning (cont.) 
Lu, Yu, & Sixty-nine graduate Learning styles Final grade Web-based Survey No significant characteristics 
Liu, students from two (Field dependent/ Course-Delivery. design. were found. 
(2003) management information Field independent) 
systems class (MIS) Learning Patterns, 
Gender, 
Age, 
Job status, 
Number of Web-
based classes 
taken, Number of 
MIS classes taken 
The Group 
Embedded 
Figure Test 
A demographic 
questionnaire 
One-way 
analysis of 
variance 
Njagi, One hundred and twenty Gender, Age, Grade Attitude Web-based Survey Gender and time spent on the 
Smith, & seven university students level, Owning a change resources vs. design. Internet for class projects 
Isbell From Western Civilization personal computer, toward Web- textbooks were found to predict positive 
(2003) classes Internet accessibility based Analysis of attitude toward Web-based 
at home, learning An attitude variance learning. 
Hours spent on the Questionnaire 
Internet per day, 
level of computer 
literacy 
Oh & Lim One hundred and four Learning styles Attitude Web-based Survey Previous online learning 
(2005) undergraduate students of (Field dependent/ toward Web- curses. design. experience and computer 
various Web-based Field independent) based The Group competency were correlated 
courses at the University of learning Embedded Correlation with students' attitude toward 
Tennessee Figure Test, 
A 25-item 
attitude 
questionnaire 
analysis Web-based learning. 
Table 2.5. Summary of 13 studies found in learner characteristics research in Web-based learning (cont.) 
Sabry & One hundred and Learning Styles Perception of Web-based Survey Various differences were 
Baldwin (2003) eighty-nine (Sequential/Global) Interaction in courses design. found between sequential 
Undergraduate and Web-based learning styles and global 
graduate students courses The Index of Frequency learning styles based on 
from an information Learning Styles analysis the perception of 
systems program (ILS) interaction in Web bases 
courses. 
Shih & Gamon Ninety-nine Learning styles Final Grade Web-based Survey No significant 
(2002) undergraduate and (Field dependent/ Course- design. characteristics were 
graduate students Field independent) Delivery. found. 
from introductory Gender, The Group t-test, 
Zoology and Biology Experience with Embedded Regression 
classes. Web-based courses, Figure Test, 
Grade level, A Motivation 
Subject familiarity, Strategies 
Study hours/week) Questionnaire 
Frederickson, 1,406 students Gender, Perceived ANOVA Gender: Women reported 
Pelz, and enrolled various Web- Age, learning and higher levels of perceived 
Swan (2000) based courses at the satisfaction learning than did men. 
State University of 
New York Age: The youngest 
students were the least 
satisfied with on-line 
learning. 
Sussman & Newsgroups Gender Communication 30 discussion DisCourse- Gender: 
Tyson(2000) pattern topics Analysis. Women communicated 
t-test more frequently than men 
ANOVA 
-fx 
oo 
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2.4.4. Concluding Critique 
One common drawback of most research studies presented here is their 
small sample sizes and limited research sites. These limit generalization of the 
findings and it is notable that small sample sizes might cause a Type II error, so that 
the studies report insignificant results in error. In addition, several studies provided 
only descriptive evidence, without tests of significance carried out to explore 
relationships between variables. None of the studies reported an effect size. 
According to Gravetter and Forzano (2003), statistical significance does not mean 
practical significance. To draw a practical conclusion from a statistical test, we need 
to see effect size. Another drawback of these studies was they did not address 
educational background of students as it related to their characteristics and 
perceptions. For example, the academic major of students has been shown to 
influence their learning style preference (Kolb, 1984). 
Consequently, the studies indicate that learner characteristics are important in 
Web-based learning. However, these studies are not strong in their methodology. 
The research in Web-based learning might be improved by including research 
methods in which learners' characteristics are investigated as they relate to each 
other. This study will address these challenges. Chapter 3 describes the 
methodology and an analysis including a covariate analysis technique to fill this 
research gap. 
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2.4.5. Implications of Learners' Characteristics 
The purpose of this section is to present a synthesis on how different 
learners' characteristics can be accommodated by use of current technology. 
Therefore, this section presents learners' characteristics and associated learning 
differences, followed by a brief presentation of appropriate technology to 
accommodate these characteristics. The discussion will include gender, age, and 
learning style preferences. 
Gender is a commonly addressed learner characteristic in education. As 
discussed in section 2.4.3.2, some of the research studies examined in this study 
found gender differences in Web-based learning, while others did not. It was 
concluded there is a need for more research studies to understand gender 
differences in Web-based learning in higher education. Educational psychology 
addresses gender differences in learning, in general. Weiten (1989), adopting 
Brigham (1986), illustrated meta-analyses of gender differences (Table 2.7 that 
indicate females tend to prefer verbal expressions and social interactions, while 
males tend to prefer mathematical formulations and abstractions. Implication for 
distance learning is that low structured learning activities and tools that allow 
interaction and collaboration may be more suitable for female learners, while higher 
structured learning activities and tools that allow abstraction and individual study 
may be more suitable for male students. 
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Table 2.6. Meta-analyses of gender differences 
Variance 
Gender accounted 
Number of showing for by 
Characteristics Researcher studies analyzed higher levels sex 
Verbal abilities Hyde (1981) 27 F better 1 
Mathematical abilities Hyde (1981) 16 M better 1 
Visual/spatial abilities Hyde (1981) 10 M better 4.5 
Aggression Hyde (1981) 143 M better 6 
Decoding of nonverbal cues Hyde (1981) 75 F better 4 
Susceptibility to social influence Hyde (1981) 148 F better 1 
A second learner characteristic addressed in this study is age and human 
development. According to Weiten (1989), during adolescence (12-20) thought 
becomes more abstract and reflective, and deductive reasoning improves. During 
young adulthood (20-40) greater emphasis goes toward application, rather than 
acquisition of knowledge and tends toward dialectical thought. Since Web-based 
courses have participants with a range of ages because of their convenience, 
instructional activities need to address these differences. Therefore, application 
exercises that allow more abstraction and reflection can be helpful for older 
students, while exercises that allow more practice and interaction can be helpful for 
younger learners. 
A third learner characteristic addressed in this study is learning style 
preferences. According to the description of Kolb's Learning Style Inventory (1984), 
high CE individuals tend to be empathetic and people-oriented. They generally find 
theoretical approaches to be unhelpful and prefer to treat each situation as a unique 
case. They learn best from specific examples in which they can become involved. 
Individuals who prefer CE tend to be oriented more towards peers and less toward 
authority in their approach to learning, and these individuals benefit most from 
feedback and discussion with peers. In contrast, High AC individuals tend to be 
oriented more toward things and symbols, and less toward other people. They learn 
best in authority-directed, impersonal learning situations that emphasize theory and 
systematic analysis. 
Computer models and simulations can be useful tools to address learning 
differences and preferences associated with different learner characteristics in Web-
based learning environments. Instructors can create links to computer simulations in 
their course on the Web or save them on a CD-ROM to deliver to their students. 
Thus, computer simulations can be accessed either online or offline. Computer 
simulations give students the opportunity to observe a real world experience and 
interact with it. They are useful for simulating labs in a way that is impractical, 
expensive, impossible, or too dangerous to run (Strauss & Kinzie, 1994). Computer 
simulations have the potential for effective use in distance education (Mclsaac & 
Gunawardena, 1996). They take many different forms, from two- or three-
dimensional simple shapes to highly interactive, laboratory experiments and inquiry 
environments. 
Figure 2.2 shows a three-dimensional modeling of DNA structure. This model 
helps students visualize and create a mental model of DNA structure. This type of 
model will be helpful, particularly for CE learners, since it allows interaction. 
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Figure 2.2. 3D DNA model (source: http://www.turbosquid.com) 
This model allows 
users to visualize 
DNA structure in 
different angles and 
depth. 
Figure 2.3 illustrates a two-dimensional simulation of weather dynamics over 
a mountain. This simulation helps students practice calculations, visualize the 
results, and elaborate their understandings by answering provided questions. This 
simulation is a highly structured one that doesn't allow collaboration and alternative 
solutions. Therefore, this type of simulation can be particularly suitable for AC 
learners who like individual study (Kolb, 1984). 
Figure 2.3. 2D mountain simulation 
(Source: http://www.iastate.edu/~abc/java/mtnsim/mtnsim.html) 
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A wind is blowing from left to right over 
the mountain. Students are asked to 
adjust the initial temperature and vapor 
pressure of the air so that a desired form 
of cloud will occur and write their 
answers to related questions. 
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Another type of simulation is Exploring the Nardoo (Figure 2.4) that enables 
students to explore the dynamics of a river. This simulation is low structured, that 
allows alternative solutions. This simulation can be suitable for AE learners who like 
collaboration. 
Figure 2.4. Exploring the Nardoo (Source: http://learningteam.org/htmls/nardoo.html) 
Students participate in a study of the Nardoo River and 
the changes it has undergone in the last hundred years, 
from a pristine condition to its present state altered by 
human development. Touring the four segments of the river 
and 
the surrounding landscape reveals hidden information. 
Students are asked to conduct investigations on a simulated 
river, the Nardoo, and then report their findings by writing 
newspaper articles, hosting class discussions, writing 
reports, or preparing multimedia presentations. 
Another example of low structured simulation is BioWorld (Figure 2.5), that 
helps students share and discuss ideas on specific cases of diseases. This 
simulation can also be suitable for RO learners, who like to share ideas with others. 
Figure 2.5. Bioworld simulation (Source: Lajoie et al., 2001) 
- ™- BioWorld, where students, starting with a case 
description, collect evidence (data) from a variety 
of sources and build arguments for or against the 
diagnosis of a patient with a specific disease 
(Lajoie et al., 2001). 
Using such argumentation environments can help 
students sharing and discussing the rationale 
behind selected relations in a model, the 
hypotheses. 
I B " _> 
Patient 1 Twid 1 
O B *  
I 
J 
Frnfcltm Slolfimtiwt 
: Hell» ic. Slul. Tari* wa « gojiï miijiiïï in 
; SiKtit.dey. h» vw>.t 11» « «taoet *r*1 « <5 met 
t ce Mi. Vr> 2,><«ûey. TwM «e» yetiuv; teedy l!> (» !s • 
la-:»-:*!*! vf&e* ue ttnvrlopeti % 
end -filer rliee t»!.6 fi* * tr.t j 
rwn v*ry coAKerninJ. Ml* t?ur <1 or. 1 or liir 
; »uegeai 1 »r..i. 
ïehti tieyuforii in fiiiiiiiiM,*» Tniite t 
Computer simulations can be high structured or low structured. Those 
simulations that include learners as an external player on the provided conditions 
are highly structured in nature, such as MtnSim. Low structured simulations provide 
learners with a contextual environment in which they take a place and play roles 
such as Exploring the Nardoo and Bioworld. High structured computer simulations 
can be supportive for those learners who prefer individual study, such as AC 
learners. Low structured computer simulations can be supportive for CE and AE 
learners, who prefer more human interaction and collaboration, and RO learners, 
who prefer to share and discuss ideas. 
Another example of available technology for distance learners is 
spreadsheets, which are computerized, numerical record keeping systems. 
Spreadsheets are computer tools that require learners to apply rules (Jonassen, 
2000). Spreadsheets can be used to create interactive learning materials such as 
interactive graphs and simulations. Figure 2.6 illustrates the use of spreadsheets to 
simulate genetic drift in populations under various conditions. This spreadsheet 
simulation exemplifies a high structured model, so that learners assess their own 
hypothesis, depending upon the numbers they assign to given parameters. 
Figure 2.6. An example of use of spreadsheet in biology education 
(Source: http://www.deakin.edu.au/~rodneyc/XLGene.htm) 
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XLGenetics is sample of well 
sturctured computer similation 
created by using Microsoft Exel. 
Learners manupulate given 
parameters and assess their 
hypothess on the results. 
Computer simulations can be used to accommodate learning differences and 
preferences of distance learners. Computer simulations that allow collaborations and 
real life experimentation will be supportive for learners with a preference for CE and 
AC. This type of simulation can also be supportive for female students and younger 
students, since they are more likely to prefer social interaction and collaboration. 
Computer simulations that allow individual study and reflection will be 
supportive for learners with a preference for AC and RO learners. This type of 
simulation can also be supportive for male students and older students, since they 
are more likely to prefer individual learning. Screen capture programs, such as the 
Camtasia Studio, used to record, edit, and publish multimedia demos and 
presentations, can also be helpful for distance learning. Instructors can use screen 
captures to demonstrate certain activities on the computer so that students can 
follow visually. 
Finally, an illustration of computer simulation use in online learning is given by 
Schmidt (2003) in his publication in the Journal of Economic Education. He 
discussed the use of the Web-based computerized simulations and described one 
such simulation that took advantage of the power of Web-networked computers to 
support active and cooperative learning. Schmidt used the simulation in an 
economic history course and integrated it with the portion of the course that covers 
19th century transportation developments, canals, and railroads. During the course 
term, students played the simulation in teams of two to three students three times 
during the course term. The author reported that students enjoyed playing with the 
simulation and their understanding of principles increased by applying them in the 
simulation and thus enhanced their understanding of the actual historical 
experience. Schmidt also reported that the simulation worked well as a self 
assessment tool for students. 
2.5. SUMMARY 
This chapter reviewed related literature about learners' characteristics and 
learners' perceptions and satisfaction with Web-based learning. A theoretical 
approach identified from the literature, the Transactional Distance Theory by Moore 
(1974), was selected as a framework to create a structured understanding of 
distance learning. Instructional design principles addressed by Williams (2002) were 
found useful as a reference for evaluating Web-based learning. The DELES (2003) 
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was found most relevant to Williams' principles and selected as the survey 
instrument to measure students' perception and satisfaction with Web-based 
learning. Kolb's learning style inventory among the inventories addressed by the 
literature was selected to measure students' learning style preferences because of 
its strong theoretical background and extensive use in research. Thirteen empirical 
research studies were obtained from the literature that indicated learners' 
characteristics were significant in Web-based learning. Finally, implications of 
learners' characteristics indicated that various instructional tools such as simulations 
can be used to accommodate learning differences associated with different learners' 
characteristics. 
CHAPTER 3: METHODOLOGY 
3.1. INTRODUCTION 
This chapter attempts to provide sufficient details to judge the 
appropriateness of the methodology, to evaluate research conclusions, and to 
replicate the study in other contexts. Therefore, this chapter describes the 
methodology used in this study, including philosophical and methodological 
approaches that guided this study, ethical issues and human respondents, a full 
description of the survey instrument and information regarding validity and reliability, 
as well as the processes used to collect and analyze the data. A description of the 
research site, including participating courses, is also given. 
3.2. PHILOSOPHICAL AND METHODOLOGICAL APPROACH 
"Science uses systematic thinking to gain knowledge about nature" (Raulin & 
Graziano, 2004, p. 8). 
A quantitative approach was used in this study. "An underlying quantitative 
research method is the belief or assumption that we inhabit a relatively stable, 
uniform, and coherent world that can be measured, understood, and generalized 
about" (Gay & Airasian, 2000, p. 9). Based on this philosophical approach, a survey 
research design was used in this study. According to Gravetter and Forzano (2003), 
surveys and questionnaires are used extensively in the behavioral sciences as 
relatively efficient ways to gather large amounts of information. "By presenting 
people with a few carefully constructed questions, it is possible to obtain self-
reported answers about attitudes, opinions, personal characteristics, and 
behaviors"(Gravetter & Forzano, 2003, p. 168). 
In this study, the casual-comparative and correlation research approaches 
were used to analyze the data. According to Gay and Airasian (2000), in a casual-
comparative study the independent variable, or cause, has already occurred or 
cannot be manipulated, so the researcher has no control over it. In this study 
learners' characteristics constituted independent variables. On the other hand, 
correlation research attempts to determine whether, and to what degree, a 
relationship exists between two or more variables. "The purpose of a correlation 
study is either to establish a relationship (or lack of it) or to use relationships to make 
predictions" (Gay & Airasian, 2000, p. 9). In this study students' learning style 
preferences and their perceptions and satisfaction of distance learning were the 
variables examined to explain the relationships. 
3.3. ETHICAL ISSUES AND HUMAN RESPONDENTS 
"Research ethics concern the responsibility of researchers to be honest and 
respectful to all individuals who may be affected by their research studies or 
their reports of the studies' results. (Gravetter & Forzano, 2003, p. 59)" 
This section addresses the ethical considerations of this study. Research 
approvals were obtained for the LSI (Appendix A) from Hay Resources Direct 
(Appendix B) and for the DELES from the developer (Appendix C). For this study the 
approval of the Institutional Review Board (IRB) of Iowa Sate University was 
obtained before data collection (Appendix 0). Respondents' agreements to 
voluntarily participation in the study were obtained through an informed consent form 
(Appendix E) attached to the online survey questionnaire (Appendix F). According to 
Gravetter and Forzano (2003), the principle of informed consent requires the 
investigator to provide all available information about a study so that an individual 
can make a rational, informed decision to participate in the study. The consent form 
included a confidentiality statement as well as other concerns of IRB. "Confidentiality 
is the practice of keeping strictly secret and private the information or measurements 
obtained from an individual during a research study" (Gravetter & Forzano, 2003, p. 
72). The survey data were analyzed and reported anonymously. Hence, no 
individual's name was directly associated with either any information or 
measurements obtained from that individual. 
3.4. SURVEY INSTRUMENT 
3.4.1. Introduction 
This section presents the survey instruments used for this study. The 
instruments used are described in conjunction with the method in which they were 
administered and analyzed. "Questionnaires are the major means of data collection 
for survey" (Ary, Jacvobs, & Razavieh, 1985, p. 345). Since the study was about 
Web-based learning in higher education, online versions of both instruments (the 
DELES and the LSI) were created for this research (Appendix F). Several studies 
found that response rates for Internet surveys are lower than equivalent mail surveys 
(Medin, Roy, & Ann, 1999; Cooper, Blair, & Triplett, 1999). To reduce the possibility 
of low participation, course instructors offered extra credit points to students. 
Furthermore, students also offered to learn their learning styles. "The goal in a 
questionnaire study is 100 percent returns, although a more reasonable expectation 
may be 75-90 percent returns" (Ary, Jacvobs, & Razavieh, 1985, p. 345). 
Consequently, 87% of the students completed the survey. 
The instrument administered to the respondents in this study consisted of two 
main surveys—the LSI (Kolb, 1976) and the DELES (Walker, 2003). The first survey 
was an inventory on learning style preferences, while the second survey was a 
questionnaire on distance education perceptions. The two instruments are now 
discussed in some detail, including their reliability and validity. 
3.4.2. Kolb's Learning Style Inventory (LSI) 
In 1976 (revised in 1984 and 1999), David Kolb developed the Learning Style 
Inventory (LSI) to identify individual learning style preferences. He revised the LSI in 
1984 and 1999. While individuals tested with the LSI show many different patterns of 
scores, research on the instrument has identified four statistically prevalent learning 
styles—Diverging, Assimilating, Converging, and Accommodating. 
The LSI is a 12-item self-assessment instrument intended to evaluate 
individual's preferences for a specific learning style. Respondents are asked to rank 
order statements, assessing how well he or she "thinks each one fits with how 
(he/she) would go about learning something" (Smith & Kolb, 1996, p. 1) in different 
learning situations. Estimated time for administration of the LSI is 10 minutes (Smith 
& Kolb, 1996). Finally, respondents are reminded that the purpose of the instrument 
is to assess individual skills in learning from experience (Smith & Kolb, 1996). 
Several studies on the validity and reliability of Kolb's Learning Style inventory 
have been conducted. Reliability of the LSI is judged as stronger than the validity of 
the inventory. Kolb's (1985) instrument was identified by Curry (1987) as primarily a 
measure of information processing preferences, which she rated as strong with 
regard to reliability and fair with regard to validity. Yet, many studies rate the LSI's 
predictive validity as strong. 
3.4.3. Distance Education Learning Environment Survey (DELES) 
The Distance Education Learning Environment Survey (DELES) is an online 
survey instrument developed and validated by Walker (2003). The DELES is used to 
measure distance education learning environment characteristics, including student 
interaction, active learning, student autonomy, instructor support, personal 
relevance, authentic learning, and student satisfaction. Walker (2003) developed the 
DELES in three-stages—identification of salient scales, writing individual items 
within the scales, and field testing. In stage one, he reviewed previously developed 
instruments, the literature related to distance education learning environments and 
student satisfaction, and preliminary scales by a panel of experts. During the second 
stage, Walker defined individual items and carried out face and content validity with 
a panel of experts. In stage three, he ensured reliability and validity of the DELES by 
field-testing the contents items followed by an item analysis. 
The DELES questionnaire contains 32 statements about practices that take 
place in a Web-based class. These items are presented in seven sections: instructor 
support, student interaction, authentic learning, active learning, personal relevance, 
student autonomy, and student satisfaction. Respondents are asked their opinion on 
each item using a 5-point Likert-type set of ordered alternatives (never, seldom, 
sometimes, often, always). Following the 32 statements about practices during Web-
based classes, eight statements are included about respondents' overall satisfaction 
about distance learning. Respondents are asked their opinions on each item by 
using a 5-point Likert-type set of ordered alternatives (strongly disagree, disagree, 
neither disagree nor agree, agree, strongly agree). 
Walker (2003) addressed the face and content validity through a 14-person 
panel of distance education researchers and practitioners. Construct validity was 
addressed through a field test that included 680 responses from 13 countries, 
primarily the United States, Australia, New Zealand, and Canada. He reduced 56 
initial field-tested items to 42 items in 7 scales after principal component factor 
analysis and internal consistency reliability (Cronbach's alpha) analyses. For the 7 
scales, alpha reliability coefficients were obtained in the range of 0.75 to 0.95. When 
analyzing associations between satisfaction of distance learning and the six 
perception scales, correlations ranged from r = 0.12 to 0.31, with the scale of 
personal relevance having the strongest correlation. The next section will present 
the data collection procedures. 
3.4.4. Demographics and Comments 
In addition to the two established survey instruments, a demographic section 
was included to determine demographic characteristics of the respondents. An 
additional open-ended question was also included to obtain respondents' thoughts 
and feelings on distance learning, and the Web-based courses they were taking. 
Respondents were also asked whether they agreed to participate in a follow-up 
interview through a checkbox. A text box was also provided so respondents could 
enter their course identification number to obtain extra credit. 
3.4.5. Pilot Test 
"A pilot study provides an opportunity to assess the appropriateness and 
practicality of the data collection instruments" (Ary, Jacobs, & Razavieh, 1985, p. 
87). A pilot study was conducted to identify the usability and internal consistency of 
the combined online survey instrument. A convenience sample consisting of 39 
subjects was used for the pilot study. The study consisted of students from various 
disciplinary areas, included thirty undergraduate and nine graduate students who 
had participated in one or more Web-based courses. The subjects were reached 
through electronic mail and the survey's Internet address was sent to subjects' 
electronic mail. As a result of the analysis of pilot data, minor changes were made in 
the wording of demographic questions and introduction of the instruments. 
Cronbach's coefficient alpha was calculated to determine the internal consistency of 
the combined online survey of the DELES questionnaire and the LSI inventory and 
produced high reliability for both instruments (Tables 3.1 and 3.2). 
Table 3.1. Cronbach's alpha coefficients for the scales of the DELES 
Scale a Reliability 
Instructor Support .84 
Student Interaction and Collaboration .74 
Personal Relevance .79 
Authentic Learning .81 
Active Learning .84 
Student Autonomy .83 
Distance Education Satisfaction .86 
Table 3.2. Cronbach's alpha coefficients for the scales of the LSI 
a Reliability 
CE .71 
RO .73 
AC .74 
AE .79 
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3.5. SAMPLING AND DATA COLLECTION 
3.5.1. Sampling 
"The most commonly used sampling method in psychological research is 
probably convenience sampling. In convenience sampling, researchers simply use 
as respondents those individuals who are easy to contact. People are selected on 
the basis of their availability and willingness to respond" (Gravetter & Forzano, 2003, 
p. 125). A convenience sample was used for this study. The target population was 
those students who were enrolled in five Web-based courses in a Midwestern state 
university. The courses are presented in section 3.6. 
3.5.2. Administration of the Survey 
A cover letter was sent to all instructors who taught Web-based courses at a 
Midwestern state university during the middle of the spring 2005 semester, 
(Appendix G). The e-mail asked for them to volunteer to participate in a study of their 
Web-based courses. This letter continued with a brief statement regarding the 
purpose and procedure of the research, the benefits, and the confidentiality concern. 
The letter also included an expression of the support of the researcher's major 
professor and the director of Continuing Education and Communication Services of 
the university. Three days later, a reminder e-mail was sent to the instructors. Four 
instructors volunteered six classes for the study. However, one course was excluded 
from the study, since it had a limited number of students, which resulted in 
confidentiality concerns. Table 3.3 provides an overview of the remaining five 
courses. As Table 3.3 illustrates, three of the courses were introductory biology 
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courses including two for non-majors. Most of the courses were introductory, 
including two for non majors. The participation rate was 87% and 76% of the 
respondents were enrolled in the non major introductory biology courses. 
Table 3.3. Overview of the courses in this study 
Instructor Course Level Percentages 
in the sample 
A A. Biology introduction for non majors First year 40% 
A B. Biology introduction for non majors First year 36% 
B C. Biology introduction for majors Second year 12 
B D. Genetics Third year 4% 
C E. Food Science and Human Nutrition Fourth year 8% 
Total 279 
Toward the end of the semester, instructors for these five courses made a 
posting on the WebCT discussion board with a brief explanation of the survey and 
their support. This posting included a link to the survey. They also created a link to 
the survey on the WebCT course homepage. The instructors also allowed the 
researcher access to their courses to collect data regarding the approach to Web-
based learning. Instructors provided students with a week to participate in the study. 
However, an additional week was provided for those who missed the first week, in 
case they wanted to participate in the study. 
The questionnaire included a link to the Informed Consent at the top. By 
submitting the survey questionnaire, respondents indicated their voluntary 
agreement to participate. The survey also included an introductory paragraph 
explaining the survey procedure. The on-line survey provided feedback to 
respondents when they left a statement blank. After submitting their surveys, 
respondents received an acknowledgment page, including contact information for 
the researcher. Participants' responses obtained through e-mail. 
After two weeks, 281 students responded to the survey. Two respondents 
were excluded for being under the age of 18, and thus outside the scope for this 
study. The data were transferred to an Excel spreadsheet and then converted to an 
SPSS file. Next, all data were kept in an electronic folder on the researcher's 
personal computer. A backup folder also was also created on the university's server. 
Following the survey data collection and statistical analysis, a follow-up e-mail 
was sent to the respondents who volunteered to provide their additional thoughts 
about the results of the survey. Eight respondents answered this follow up e-mail, 
with two additional respondents as a result of a reminder e-mail. 
3.6. THE COURSES 
3.6.1. Introduction 
This section describes five courses involved in the study. The description 
includes the level of the courses, number of students, subject areas, content and 
delivery, instructional and assessment activities, and support materials. Table 3.4 
summarizes participant courses in terms of the description of the transactional 
distance theory (section 2.3.2) and William's Web-based course design principles 
(section 2.3.3.2). Therefore, courses are identified by structure, interaction, 
feedback, relevance, authentic learning, and student autonomy. The summary 
indicated that the participating courses were similar in many ways of their design. 
However, Course E and Course D included collaborative activities and reflective 
activities, while the other courses did not. Course E also included a real life activity. 
Different than others, Course A and Course B included self assessment tools. The 
summary table indicates that all participating courses included individual learning 
activities. However, none of the courses included experimenting either in lab or by 
computer simulations. All courses provided a variety of interaction opportunities 
(e.g., course activities, assignments) and methods for interaction (e.g., email, 
discussion board, chat). Participating courses provided students with instructor 
feedback on course activities and assignments. However, the courses did not use a 
variety of feedback instruments and methodologies such as peer evaluation, self 
assessment, and alternative forms such as reflective journals. Course A and Course 
B provided students with self tests. All courses created relevant course content by 
using meaningful examples, relevant illustrations and cases, and personal 
experiences. All participating courses provided their students with authentic learning 
experiences by using real life cases and examples. However, none of them used 
computer simulations based on real life situations. Course E was the only course 
that included a real life activity situated in a real life context. All courses provided 
their students with a flexible schedule and convenient access to the content so that 
students controlled their learning. 
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Table 3.4. Summary of respondents' courses design (+ indicates presence; - indicates lack) 
Structure Course A Course B Course C Course D Course E 
Individual activities + + + + + 
Collaborative activities -
- - + + 
Reflective activities - - - + + 
Experimenting - - - - — 
Interaction A B C D E 
Variety of interaction ways + + + + + 
Variety of interaction opportunities + + + + + 
Feedback Course-A Course-B Course-C Course-D Course-E 
Feedback on activities + + + + + 
Feed back on assignments + + + + + 
Self assessment + + - - -
Peer-evaluation - - - - -
Alternative forms - - - - -
Relevance Course-A Course-B Course-C Course-D Course-E 
Meaningful examples + + + + + 
Relevant illustrations + + + + + 
Relevant cases + + + + + 
Sharing personal experience + + + + + 
Authentic learning Course-A Course-B Course-C Course-D Course-E 
Real life cases + + + + + 
Real life examples + + + + + 
Simulation exercises - - - - -
Real life activities - - - - + 
Learner Autonomy Course-A Course-B Course-C Course-D Course-E 
Flexible schedule + + + + + 
Convenient access + + + + + 
3.6.2. Courses A and B 
These courses were very similar in content. Both used asynchronous 
interaction modes to deliver instruction and content. Course A was introductory 
biology and Course B was environmental biology. Both 3-credit courses were taught 
by the same instructor, delivered with the same design, and offered to non-majors. 
Course A consisted of 125 students and Course B consisted of 121 students. The 
content was delivered through WebCT. Course A included basic biological 
principles, as well as topics and issues of current human interest, function and 
diversity of the living world, and life considered at cellular, organism, and population 
levels. Course B included topics of matter, energy, climate, human population, food 
resources, biodiversity, water, global warming, and ozone. Both courses delivered 
lectures using streaming audio, together with slide shows including text, graphs, 
photos, and illustrations. For both courses, a course pack with the text portion of the 
lectures was available for students. All content were available for the entire semester 
so that students can go at their own pace and time. However, tests were available 
for only a limited period of time (approximately 2 weeks). There were several 
individual homework assignments throughout the semester for both courses. 
Assignments included discussion of real-life cases, problem-solving activities, written 
essays, and Internet activities in which students collected information on the World 
Wide Web and discussed it. Students also were required to discuss topics online in 
small groups throughout the semester. Discussion topics included real-life cases. 
Each course included 8 exams throughout the semester with each exam covering 4-
6 lecture topics. A comprehensive final examination also was required at the end of 
the semester. All exams were taken online with a proctor present. The tests were 
primarily multiple-choice, with several short-answer questions. Both courses 
included a syllabus and a schedule. Course A also included a study guide for the 
final examination. 
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3.6.3. Courses C and D 
These 3-credit courses were taught by another instructor. Both courses used 
asynchronous interaction modes to deliver instruction and content. Their content 
areas were also biology-related. Course C was a 200-level course, consisting of 48 
students. Course D was a 300/500-level course, consisting of 13 students. Course C 
included topics on molecular biology and metabolism, plant structure and function, 
animal structure, and animal homeostasis. Course D included topics on the 
principles of molecular biology, principles of biotechnology, genetic diseases, 
agriculture and food, and the human genome project. Both courses delivered audio 
lectures by a streaming media embedded into slide shows including text, graphs, 
photos, and illustrations. Both courses offered a course pack with the text portion of 
the lectures for students. Similar to Courses A and B, Courses C and D also 
included several individual assignments, including a discussion of real-life cases, 
problem-solving activities, written essays, and Web-quests. The testing of students' 
learning included exams and final projects. Both courses provided course syllabi and 
calendars through course homepages. 
3.6.4. Course E 
This was a 400/500-level course with 23 students (22 females and one male). 
This course also used asynchronous interaction modes to deliver instruction and 
content. The content of the course covered nutrition and counseling methods. 
Students were required to discuss various topics about nutrition and counseling, 
comprised of sixteen modules using a discussion board. Students took an 
examination after each course module was completed. They also were required to 
develop a final project in which students were required to counsel an individual client 
about nutrition. The course had an introduction section on the homepage linked to 
the course syllabus and Course-Calendar. 
Consequently, Courses A and B were dominant courses in terms of class 
size. Seventy-eight percent of the survey participants were from these two courses. 
Courses D and E were higher level courses with small enrollment size. The subject 
areas of courses were common in biology, but Course E was different as it covered 
family science and nutrition. The differences among courses may effect students' 
perceptions and satisfaction of Web-based distance learning. Therefore, the 
knowledge of participating courses presented here will be useful to understand the 
results of the statistical analyses. 
3.7. DATA ANALYSIS 
This section presents data analysis techniques and procedures. The data 
analysis consisted of a demographic analysis of respondents, and an analysis of the 
DELES questionnaire and the Learning Style inventory, including descriptive and 
reliability analysis; as well as an analysis of the research questions and respondents' 
comments. 
As stated by Mertler and Vannata (2002), "the first step in nearly any data 
situation is to describe or summarize the data" (p. 7). According to Johnson and 
Christensen (2000), the researcher attempts to convey the essential characteristics 
of the data by arranging the data into a more interpretable form (e.g., by forming 
frequency distributions and generating graphical displays) and by calculating 
numerical indexes such as averages, percentile ranks, and measures of spread in a 
descriptive analysis. In this study, this researcher used descriptive statistics 
(frequency, mean, and percentile within tables and graphs) to summarize 
respondents' demographic characteristics and survey responses. 
Since this study included various learner characteristics comprised of various 
levels, multivariate statistics were used to analyze the data. According to Tabachnick 
and Fidell (1996), multivariate statistics provide analysis when there are many 
independent variables (IVs) and/or many dependent variables (DVs), all correlated 
with one another to varying degrees. The multivariate statistics used in this study 
were factor analysis, reliability analysis, and factorial analysis of covariance 
(ANCOVA), canonical correlation, and linear regression. 
First, a factor analysis was used to create reliable components from the data 
obtained by the DELES questionnaire. According to Mertler and Vannata (2002, p. 
249), factor analysis is "a process by which the number of variables is reduced by 
determining which variables clusters together." Second, Cronbach's alpha technique 
was used to measure the reliability of the instruments. Cronbach's alpha is a 
measurement of how well a set of items (or variables) measures a single construct 
(Ary et al., 2002). Third, a linear regression model was executed to identify the 
predictive ability of distance learning perception scales on distance learning 
satisfaction. A simple linear regression creates a linear equation to predict the value 
of the dependent variable, based on the value of the predictor variable (Mertler & 
Vannata, 2002). Fourth, a factorial ANCOVA was used to identify the effects of 
students' demographic characteristics on distance learning perceptions and 
satisfaction. ANCOVA involves a statistical adjustment procedure when there are 
extraneous variables influencing dependent variables beside the independent 
variable (Tabachnick & Fidell, 1996). Therefore, "the use of analysis of covariance 
provides researchers with a technique that allows us to more appropriately analyze 
data collected in social science settings" (Mertler & Vannata, 2002, p. 93). Finally, a 
canonical correlation was calculated to measure the relationship between learning 
style preferences and students' perceptions of and satisfaction with distance 
learning. Frequency tables also were used to analyze participant comments to the 
open-ended question. Table 3.5 summarizes statistical techniques and their 
relationship to the research questions. 
Table 3.5. Summary of statistical techniques used in data analysis 
Demographic data Instruments Q1 02 03 Comments 
Descriptive statistics • • • 
Factor Analysis • 
Cronbach's Alpha Reliability • 
Factorial ANOVA • 
ANCOVA • 
Canonical Correlation • 
Regression • 
3.8. SUMMARY 
Survey research was conducted to examine the relationships between 
students' characteristics and their perceptions of and satisfaction with distance 
learning in participating Web-based courses in a Midwestern state university. The 
instructors of five undergraduate, mainly biology-related courses, with a total of 279 
student volunteers participated in this research. An online questionnaire was 
developed, including the LSI, the DELES, and a section for demographic 
characteristics of students, with an open question asking for additional thoughts and 
feelings about distance learning and the Web-based courses they were taking. 
Descriptive and multivariate statistical methods were used to analyze the statistical 
data and respondents' comments. 
77 
CHAPTER 4: RESULTS AND FINDINGS 
4.1. INTRODUCTION 
In this chapter, an analysis of the data gathered from the survey is presented. 
This chapter includes a description of the respondents, an analysis of survey 
instruments, and findings addressing the research questions. 
4.2. DESCRIPTIVE FINDINGS 
This section presents the survey instruments, with descriptive data analyses 
and reliability analyses. Survey instruments were collected in an online 
questionnaire consisting of three parts. The first part included questions on 
respondents' demographic and situational characteristics. The second part consisted 
of the Distance Learning Environment Survey (DELES), to measure respondents' 
perception of and satisfaction with Web-based courses. The last part consisted of 
the Learning Style Inventory (LSI), to measure respondents' learning style 
preferences. 
4.2.1. Part 1: Demographic and Situational Characteristics 
The purpose of this section is to understand students' demographic 
characteristics (gender, age, and major) and situational characteristics (enrollment 
status, Web-based learning experience, study hours per week, and science 
perception) in their Web-based courses. 
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4.2.1.1. Demographic characteristics 
The respondents consisted of 279 students from five Web-based courses 
who participated in this study. Forty-one percent of the respondents were from 
Course A, while 37% from Course B, 11% from Course C, 3% from Course D, and 
8% from Course E. A description of demographic characteristics of respondents 
follows. 
Figure 4.1 displays the percentage of respondents' gender. The respondents 
consisted of 170 females (61%) and 109 males (39%). Gender distribution across 
the courses are as follows: Course A (female=64; male=49), Course B (female=53; 
ma!e=49), Course C (female=26; male=5), Course D (female=4; male=5), Course E 
(female=22; male=1). The gender distribution of this sample may not be 
representative for other populations, since the gender distribution of any classroom 
may depend on the characteristics of Web-based program or courses such as its 
subject area, although this population might be representative for introductory 
biology classes on the Web. However, according to Thompson (1998), most studies 
of distance learners in North American higher education report that more women 
than men are enrolled in courses delivered at a distance. Likewise, according to 
NCES (2003), females were more likely than males to take distance education 
courses. 
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Figure 4.1. Distribution of respondents by gender 
Female 
Table 4.1 provides an age distribution of the respondents by frequency and 
percentage. However, for the statistical analysis, age is grouped into two 
categories—between 18-21 and over 21. Figure 4.2 displays the percentage of 
respondents in each of these two categories. The sample consisted of 164 (59%) 
respondents aged between 18 and 21, and 115 (41%) aged over 21. Hence, most of 
the students were under the age of 21. This might be because most of the 
respondents were from Courses A and B, both of which were first-year introductory 
undergraduate courses. Therefore, this age distribution may be typical for an 
undergraduate university Web-based class. 
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Table 4.1. Respondents' age distribution, by frequency and percent 
Age Frequency Percent 
18 25 9.2 
19 46 16.9 
20 47 17.3 
21 39 14.3 
22 43 15.8 
23 24 8.8 
24 12 4.4 
25 6 2.2 
26 1 .4 
27 2 .7 
28 3 1.1 
29 5 1.8 
30-40 14 5.1 
Over 40 5 1.8 
Total 272 100.0 
Figure 4.2. Percentage distribution of respondents by age (18-21 and above 21 ) 
18-21 Over 21 
Figure 4.3 displays the percentage of respondents by the college of their 
major. Of the respondents, 57 (21%) majored in Agriculture, 19 (7%) in Business, 14 
(5%) in Design, 16 (6%) in Education, 27 (10%) in Engineering, 30 (11%) in Family 
and Consumer Sciences, 90 (32%) in Liberal Arts and Sciences, and 23 (8%) in 
Veterinary Medicine. Many of the respondents were from the College of Liberal Arts 
and Sciences. This might be because most of them were from Courses A and B, 
both were offered by that college. Therefore, this distribution of students' majors 
could be typical for Web-based introductory biology courses from the College of 
Liberal Arts and Sciences. 
Figure 4.3. Percentage distribution of respondents' college of major 
In summary, most of the respondents were female (61%), aged between 18 
and 21 (59%). By college, Liberal Arts and Sciences students were the most 
frequent (33%). As a result, this sample could be typical for introductory university 
courses on the Web. 
4.2.1.2. Situational characteristics 
Situational characteristics of learners are addressed by the literature of 
distance education. Some of these characteristics were discussed in Chapter 3 
(2.4.1). However, for this study, situational characteristics included enrollment 
status, Web-based learning experience, study hours per week, and science 
perception. 
Figure 4.4 displays the percentage distribution of respondents by enrollment 
status. Of the respondents, 76 (27%) were off-campus, and 203 (73%) were on-
campus students. Therefore, most of the students might have convenient access to 
on-campus components of the courses. For this study, computer-based 
examinations were conducted for only the on-campus components of all courses 
studied. 
Figure 4.4. Percentage distribution of respondents by enrollment status 
80 
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Figure 4.5 displays the percentage distribution of respondents' prior Web-
based course experience, as measured by the number of Web-based courses they 
had taken. The respondents comprised 125 (45%) students without any prior Web-
based learning experience, 89 (32%) with 1 prior Web-based course experience, 36 
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(13%) with 2 Web-based course experiences, and 29 (10%) with 3 or more course 
experiences. Therefore, most of the students had at least one previous Web-based 
learning experience. As Web-based education grows, the experience of students 
grows. Therefore, the numbers presented here will not be typical for future cases. 
Figure 4.5. Percentage distribution of the frequency of respondents' prior Web-
based course experience (number of Web-based courses previously taken) 
None One course Two courses 3 or more 
Figure 4.6 displays the percentage of respondents' study hours per week 
devoted to Web-based course activities and assignments. Twenty-two (8%) 
respondents reported 1-2 study hours, while 154 (55%) reported 3-6, and 103 
reported (37%) 7 or more. 
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Figure 4.6. Percentage of respondents' study hours per week devoted to 
Web-based course activities and assignments 
One or two hours Three to Six hours Seven or more hours 
Figure 4.7 displays the percentage distribution of respondents' perceptions of 
science. A majority, 142 (51%), of the respondents found studying science of 
"acceptable" difficulty to understand, while 24 (9%) replied "very hard," 58 (21%) 
"hard," 43 (16%) "easy," and 9 (3%) "very easy." Consequently, 70% of the 
participants reported no problem understanding science content. 
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Figure 4.7. Percentage distribution of respondents' perception of science 
Very hard Hard Acceptable Easy Very easy 
In summary, for situational characteristics, over one-half of the respondents 
had one or more Web-based course experience (55%), studied 3 to 6 hours per 
week (56%), and perceived science acceptable (52%). However, these numbers 
would not be typical, since they are situational. Yet, these figures might be helpful to 
understand findings of inferential tests. 
4.2.2. Part 2: Distance Learning Environment Survey (DELES) 
This section presents the DELES, by which students' perceptions of distance 
learning and satisfaction with the Web-based courses were measured. The DELES 
survey had seven sections: Instructor Support, Student Interaction and 
Collaboration, Personal Relevance, Authentic Learning, Active Learning, Student 
Autonomy, and Satisfaction. The data for each section will now be described. The 
order in which statements are presented is the same in the combined online survey. 
86 
4.2.2.1. Factor analysis 
A factor analysis, using principal component extraction and varimax rotation, 
was conducted to determine what underlying structures existed in measures of 
DELES, including all 42 survey questions. After rotation, the component with the 
highest eigenvalue was named "distance learning satisfaction," which accounted for 
13.52% of the total variance in the original variables; the second-highest component 
was named "personal relevance," which accounted for 12.34%; the third-highest 
component was named "student interaction," which accounted for 11.10%; the 
fourth-highest component was named "student autonomy," which accounted for 
7.95%; the fifth-highest component was named "authentic learning," which 
accounted for 7.82%; the sixth-highest component was named "active learning," 
which accounted for 7.48%; the seventh-highest component was named "instructor 
interaction," which accounted for 6.09%; and the eighth-highest component was 
named "instructor feedback," which accounted for 5.12%. Appendix H presents the 
loadings for each item on its respective component. Comparing the original 
components of DELES (Appendix I), a difference appeared with instructor support 
split into two components—instructor interaction and instructor feedback. Most of the 
item loadings were over 80, indicating high correlations among items. 
4.2.2.2. Reliability analysis 
Scale reliability was measured utilizing Cronbach's alpha coefficient. Scores 
ranging between .81 and .94 (Table 4.2) indicated that the components of the 
DELES had high statistical reliability. Comparing against the reliability scores of the 
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original DELES (Walker, 2003), the combined online survey of this study had 
relatively better scores for Instructor Interaction, Active Learning, and Student 
Autonomy and similar scores for Personal Relevance, Authentic Learning, and 
Satisfaction. This result indicates that the scales of the DELES have a high degree 
of internal consistency. 
Table 4.2. Cronbach's alpha coefficients 
Scale a Reliability 
Instructor Interaction .89 
Instructor Feedback .81 
Student Interaction and Collaboration .93 
Personal Relevance .92 
Authentic Learning .86 
Active Learning .78 
Student Autonomy .87 
Distance Education Satisfaction .94 
4.2.2.3. Section 1: Instructor support 
This section of the survey consisted of eight statements expressing what 
students think about instructor support in the Web-based courses they were taking. 
However, as a result of the factor analysis, this section is divided into two 
subsections. The first subsection was named Instructor Interaction. Table 4.3 
presents a descriptive analysis of the responses. Mean scores of approximately 4 
(often), with standard deviations of approximately 1 for all statements, indicated that 
students were positive about the interaction of their instructors. Statement order is 
shown as given on the combined online survey (Appendix F). 
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Table 4.3. Percentages, means, and standard deviations for statements in Instructor Interaction 
Statements (as ordered in the online survey) Percentage (%) M SD 
1 2 3 4 5 
If I have an inquiry, the instructor finds time to respond. 2.2 3.6 9.7 34.4 49.5 4.26 0.93 
The instructor responds promptly to my questions. 2.2 2.5 14.7 37.3 37.6 4.12 0.93 
The instructor adequately addresses my questions. 3.2 6.5 15.1 40.1 33.3 3.96 1.03 
It is easy to contact the instructor. 
o
 
S3 CO CO CO CO o
 4.37 0.81 
1: Never, 2: Seldom, 3: Sometimes , 4: Often, 5: Always; M: Mean; SD: Standard Deviation 
On the other hand, mean scores of approximately 3 (sometimes), with 
standard deviations of approximately 1.30, indicate that students were less positive 
about instructor feedback (Table 4.4). In detail, Statement 4 and Statement 8 had 
the lowest mean scores (2.96, and 2.76) with standard deviations of 1.35 and 1.40 
and with a total percentage over one-half for scores from 1 (never) to 3 (sometimes). 
Both statements are about instructors' feedback. However, respondents perceived 
their instructors to be encouraging (3.67). Statement order is shown as listed on the 
combined online survey (Appendix F). 
Table 4.4. Percentages, means, and standard deviations for Instructor Feedback statements 
Statements (as ordered in the online survey) Percentage (%) M SD 
1 2 3 4 5 
The instructor helps me identify problem 
areas in my study. 
17.6 18.6 25.4 19.4 18.3 3.02 1.35 
The instructor gives me valuable feedback on 
my assignments. 
17.9 19.4 23.3 19 16.1 2.96 1.35 
The instructor encourages my participation. 6.8 11.8 19.7 30.1 31.2 3.67 1.23 
The instructor provides me with feedback on 
my work. 
25.8 17.6 22.6 18.3 15.1 2.79 1.40 
1: Never, 2: Seldom, 3: Sometimes , 4: Often, 5: Always; M: Mean; SD: Standard Deviation 
4.2.2.4. Section 2: Student interaction and collaboration 
This section consists of six statements expressing how students perceived 
interactions and collaborations with their classmates. Table 4.5 presents a 
descriptive analysis of the responses. Mean scores below 3 (sometimes) indicate 
that most of the students perceived themselves as engaged in little or no 
collaboration with their classmates. However, Statement 12 about class discussion 
received the highest mean score with a total percentage of over one-half for scores 
from 3 (sometimes) to 5 (always), indicating that most of the students perceived 
themselves as being engaged in discussion activities sometime during the semester. 
This occurred because participating courses did not include any collaborative 
activity, but discussion activities throughout the semester, as mentioned in Chapter 3 
in the section of Participating Courses. 
Table 4.5. Percentages, means, and standard deviations for statements on Student Interactions 
and Collaborations 
Statements (as ordered in online the 
survey) 
Percentage (%) M SD 
1 2 3 4 5 
I work with others. 44.4 17.9 18.3 13.3 3.9 2.13 1.24 
I relate my work to others' work. 33.7 18.6 25.8 17.2 2.5 2.35 1.19 
I share information with other students. 29.4 20.4 26.9 17.2 3.9 2.45 1.20 
I discuss my ideas with other students. 25.8 17.9 31.5 17.9 4.7 2.57 1.20 
I collaborate with other students in the 39.8 22.2 21.5 11.8 2.5 2.13 1.15 
class. 
Group work is a part of my activities. 51.3 19.4 15.4 8.6 3.2 1.91 1.15 
1: Never, 2: Seldom, 3: Sometimes , 4: Often, 5: Always; M: Mean; SD: Standard Deviation 
4.2.2.5. Section 3: Personal relevance 
This section consists of seven statements expressing students' thoughts 
about the courses in providing them with learning experiences related to their daily, 
academic, or professional experiences. Table 4.6 presents a descriptive analysis of 
responses. Mean scores over 3 (sometimes) with a total percentage over one-half 
on scores 3 (sometimes) to 5 (Always) for all statements indicate that most of the 
students perceived these courses as related to their personal experiences 
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sometimes. This occurred because the courses used real-life examples in the 
courses as mentioned in Chapter 3 in the section of Participating Courses. 
Table 4.6. Percentages, means, and standard deviations for statements on Personal 
Relevance 
Statements (as ordered in the online 
survey) 
Percentage (%) M SD 
1 2 3 4 5 
I can relate what I learn to my life 
outside of the university^ 
4.7 11.1 37.6 34.4 10 3.35 0.97 
I am able to pursue topics that 
interest me. 
2.9 14.7 30.5 35.5 13.6 3.44 1.01 
I can connect my studies to my 
activities outside of class. 
5.4 17.6 34.4 30.5 10 3.23 1.04 
I apply my everyday experiences in 
class. 
6.5 21.5 35.8 24.7 9.3 3.09 1.06 
I link class work to my life outside of 
the university. 
6.8 20.8 34.8 25.4 9.7 3.11 1.07 
I learn things about the world outside 
of the university. 
1.4 6.8 28 39.4 21.9 3.75 0.93 
I apply my out-of-class experience. 3.2 14 38.7 31.2 10.4 3.32 0.96 
1: Never, 2: Seldom, 3: Sometimes , 4: Often, 5: Always; M: Mean; SD: Standard Deviation 
4.2.2.6. Section 4: Authentic learning 
This section consists of five statements expressing what students think about 
the courses that provide them with authentic learning experiences. Table 4.7 
presents a descriptive analysis of these responses. Mean scores over 3 (sometimes) 
with a total percentage of over 60 on scores of 3 (sometimes) to 5 (Always) for all 
statements indicate that most of the students perceived themselves as engaged in 
authentic learning experiences sometimes. This occurred because the courses 
included real-life examples, illustrations, and activities partly in the course content. 
Different than the others, Course E also included a real-life project. For reference, 
participating courses were described in detail previously in Chapter 3, in the section 
on Participating Courses. 
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Table 4.7. Percentages, means, and standard deviations for statements on Authentic Learning 
Statements (as ordered in the online 
survey) 
Percentage (%) M SD 
1 2 3 4 5 
I study real cases related to the class. 9 17.9 40.5 23.7 6.5 3.01 1.03 
I use real facts in class activities. 3.2 7.5 25.8 41.6 18.3 3.67 0.98 
I work on assignments that deal with 
real-world information. 
1.1 4.7 22.6 47.7 21.5 3.86 0.85 
I work with real examples. 2.5 7.2 25.1 43.7 19 3.71 0.95 
I enter the real world of the topic of 
study. 
2.2 11.5 36.6 32.6 12.5 3.44 0.94 
1: Never, 2: Seldom, 3: Sometimes , 4: Often, 5: Always; M: Mean; SD: Standard Deviation 
4.2.2.7. Section 5: Active learning 
This section consists of three statements expressing what students think 
about the quality of the courses in providing active learning experiences, where 
students have opportunities to become active in solving problems. Table 4.8 
presents a descriptive analysis of responses. Mean scores around 4 (often), with 
total percentages of over 90 on scores of 4 (often) and 5 (always) for all statements; 
indicate that students perceived themselves active in their own learning process 
often. This occurred because participating courses required the students to 
participate in individual learning throughout the semester. 
Table 4.8. Percentages, means, and standard deviations for statements on Active Learning 
Statements (as ordered in the online 
survey) 
Percentage (%) M SD 
1 2 3 4 5 
I explore my own strategies for learning. 2.9 7.9 26.5 40.5 20.1 3.69 0.98 
I seek my own answers. 1.1 2.2 17.9 51.3 25.1 4.00 0.79 
I solve my own problems. 0.4 1.8 14.3 54.8 26.9 4.08 0.72 
1: Never, 2: Seldom, 3: Sometimes , 4: Often, 5: Always; M: Mean; SD: Standard Deviation 
4.2.2.8. Section 6: Student autonomy 
This section consists of five statements expressing what students think about 
the quality of the courses that provide opportunities to control their own learning 
process. Table 4.9 presents a descriptive analysis of responses. Mean scores over 4 
(often) with total percentages of over 90 on scores of 4 (often) and 5 (always) for all 
statements indicate that students perceived they had autonomy in learning from a 
distance. This occurs because the courses were low structured and flexible, which 
allows students control over their own learning and convenience so that students 
can manage their time. As mentioned in Chapter 3, participating courses allowed 
students to access the whole content of the courses during the semester without any 
time limitation and allowed them to take exams in a specific period of time. The 
courses included ill-structured problem-based and case-based learning activities that 
allowed students an individual approach to solve problems. 
Table 4.9. Percentages, means, and standard deviations for statements in Student Autonomy 
Statements (as ordered in online the Percentage (%) M SD 
survey) 
1 2 3 4 5 
I make decisions about my learning. 0.7 2.5 17.6 41.9 36.6 4.12 0.84 
I work during times I find convenient. 0.4 2.9 10.8 36.9 48 4.34 0.81 
I am in control of my learning. 0.4 2.9 15.8 38 41.6 4.19 0.83 
I play an important role in my learning. 0.7 0.7 9.3 35.1 53 4.41 0.75 
I approach learning in my own way. 0.7 0.4 16.1 37.3 44.1 4.26 0.79 
I make decisions about my learning. 0.7 2.5 17.6 41.9 36.6 4.12 0.84 
1: Never, 2: Seldom, 3: Sometimes , 4: Often, 5: Always; M: Mean; SD: Standard Deviation 
4.2.2.9. Section 7: Distance learning satisfaction 
This section consists of eight statements expressing why students enjoy 
distance learning in Web-based courses. Table 4.10 presents a descriptive analysis 
of responses on "Distance Learning Satisfaction." Mean scores are approximately 3 
(neither disagree nor agree), with standard deviation of approximately 1. This 
indicates that students are either satisfied or dissatisfied with distance learning in 
Web-based courses. Statement 42 received the lowest mean score (2.62), with a 
total percentage over 75 for scores 1 (strongly disagree) to 3 (neither disagree nor 
agree), indicating that the vast majority of the students were not willing to take all 
courses in their education by distance. 
Table 4.10. Percentages, means, and standard deviations for statements on Distance Learning 
Satisfaction 
Statements (as ordered in online the 
survey) 
Percentage (%) M SD 
1 2 3 4 5 
Distance Education is stimulating. 5 16.5 35.1 32.6 10.4 3.27 1.02 
I prefer Distance Education. 8.6 21.5 38.4 20.8 10.8 3.04 1.10 
Distance Education is exciting. 8.2 28 26.9 29.7 7.2 3.00 1.10 
Distance Education is worth my time. 4.3 8.6 21.5 45.2 20.4 3.69 1.03 
I enjoy studying by distance. 6.1 15.1 25.4 36.9 15.8 3.42 1.11 
I look forward to learning by distance. 7.9 20.1 30.1 28 13.6 3.19 1.15 
I would enjoy my Education more if all 
my classes were by distance. 
21.5 28.7 27.6 11.1 11.1 2.62 1.25 
1 : Strongly disagree, 2: Disagree, 3: Neither disagree nor agree , 4: agree, 5: strongly agree; M: 
Mean; SD: Standard Deviation 
4.2.2.10. Association between scales of perception and satisfaction 
A regression model was estimated to examine the extent to which students' 
perceptions of distance learning predict distance learning satisfaction. As shown in 
Table 4.11, variables other than student interactions and collaborations are 
correlated with distance learning satisfaction. This probably occurred because the 
participating courses did not include any collaborative activity during the semester. 
Instructor interaction had the weakest correlation (r = .16), while personal relevance 
had the strongest (r= .31). 
The standardized beta coefficients indicated that only instructor feedback and 
student autonomy significantly predicted distance learning satisfaction. However, 
Walker (2003) found that the scales, except for active learning, were strong 
predictors of satisfaction. This implies that the association between perception and 
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satisfaction depends on the context of respondents. Yet, this model explained 19% 
of the total variation within distance learning satisfaction (adjusted R2 = .17), which is 
very close to the score obtained by Walker (2003). 
Table 4.11. Pearson correlation and standardized Beta coefficients ((3) 
for predicting students' perceptions of distance learning 
Scale r P 
Instructor Interaction .16* .07 
Instructor Feedback .22** .16* 
Student Interaction and Collaboration .07 -.04 
Personal Relevance .31** .14 
Authentic Learning .24** .08 
Active Learning .17** -.05 
Student Autonomy .30** .26** 
Multiple correlation (R) .44** 
R2 .19** 
Adjusted R2 .17** 
N = 281, *: p < .05;**: p < .01 
4.2.3. Part 3: Learning Style Inventory (LSI) 
Results indicated that 82 (29%) of the students were Convergers, 71 (26%) 
were Assimilators, 65 923%) were Accommodators, 45 (16%) were Divergers, and 
16 (6%) were students with equal learning style preferences (Figure 4.8). 
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Figure 4.8. Distribution of respondents by Learning Styles 
Converger Diverger Equal Preference 
Accommodator Assimilator 
Table 4.12, which shows average raw scale scores for the respondents, 
indicates that the respondents preferred AC {M = 30.05) more than CE (M = 25.19) 
as a way of knowledge grasping (M = 4.86); and AE (M = 34.40) more than RO (M = 
28.52) as a way of knowledge transferring (M = 5.89). These results are similar to 
the scores of Kolb (2005) for on-line participants. Kolb collected the data from 5,023 
respondents, including college students and working adults in a wide variety of 
fields, age groups, and education levels. 
Table 4.12. Average raw scale scores by learning style preferences 
N = 279 Mean SD 
CE 25.19 6.64 
RO 28.52 6.87 
AC 30.05 7.73 
AE 34.40 8.09 
Knowledge Grasping (AC-CE) 4.86 10.92 
Knowledge Transfer (AE-RO) 5.89 11.28 
4.2.3.1. Reliability analysis 
Scale reliability was measured utilizing Cronbach's alpha coefficient. Scores 
ranged between .72 and .80 (Table 4.13), indicating that the components of the LSI 
had acceptable reliability. These results are similar to the scores reported by Kolb 
(2005), which ranged from .77 to .84. 
Table 4.13. Cronbach's alpha coefficients of 
learning style preferences 
Learning Style Preferences a Reliability 
CE .72 
RO .73 
AC .79 
AE .80 
4.2.3.2. Demographic analysis of learning style preferences 
This section presents the relationship of respondents' learning style 
preferences with their gender, age, and major. Students who had balanced learning 
style preferences are also presented. 
Knowledge Grasping: As seen in Table 4.14, male students (74%) preferred 
AC more than female students (61 %). This result is similar to results from Kolb 
(2005). Students aged over 21 (69%) preferred AC more than did students aged 
between 18 and 21 (65%). These results are similar to those reported by Kolb 
(2005). 
For academic major, students from Agriculture (65%), Business (68%), 
Engineering (78%), Liberal Arts and Sciences (77%), and Veterinary Medicine (65%) 
preferred AC more than CE, while students from Education were vice versa. On the 
other hand, students from Design had equal preferences on both sides of knowledge 
grasping. This result is consistent with the results of Kolb (2005) for Business and 
Engineering. However, it is contradictory for the remaining categories. 
Knowledge transfer: As shown in Table 4.14, male students (67%) preferred 
AE as much as did female students (68%). Students aged over 21 (69%) preferred 
AE slightly more than did younger students (65%). These results are similar to those 
reported by Kolb (2005). 
Students from Agriculture (67%), Business (69%), Design (86%), Education 
(81%), Engineering (92%), Family and Consumer Sciences (66%), and Veterinary 
Medicine (74%) preferred AE more than RO. This is consistent with Kolb's (2005) 
results for Agriculture and Education. However, it is contradictory for the remaining 
categories. 
In summary, students preferred AC and AE over CE and RO. Male students 
and older students preferred AC more than did female students and younger 
students. On the other hand, both genders and both ages preferred AE. 
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Table 4.14. Percentage distribution of respondents' learning style preferences based on gender, 
age, and major 
AC-CE AE-RO 
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Female 169 3.12 61 35 4 5.68 68 30 2 
Male 109 7.38 74 22 4 6.18 67 27 6 
18-21 163 3.58 65 31 4 5.68 66 30 4 
Over 21 115 6.54 69 27 4 6.17 69 28 3 
Agriculture 57 3.32 65 28 7 7.63 67 21 2 
Business 19 6.53 68 21 11 5.79 69 26 5 
Design 14 -.36 50 50 none 10.36 86 none 14 
Education 16 -.13 44 56 11.88 81 19 none 
Engineering 27 8.81 78 15 7 12.15 92 7 11 
Family and Consumer 30 -1.00 46 47 7 4.97 66 27 7 
Sciences 
Liberal Arts and 90 7.06 77 23 none .94 50 49 1 
Sciences 
Veterinary Medicine 23 7.82 65 35 none 8.09 74 22 4 
4.2.4. Part 4: Respondents' Comments 
The online survey included an open-ended question requesting respondents' 
comments on the Web-based courses and distance learning. Overall, 123 (44%) of 
the 279 survey respondents made comments, constituting four major themes. 
Autonomy was the most emphasized theme (50%), while Assessment was the least 
(9%) (Table 4.15). In addition, after determining the survey results, an e-mail was 
sent to respondents to obtain their follow-up thoughts and feelings. Students in their 
e-mail comments agreed that autonomy, content, interaction, and assessment were 
important for their satisfaction with distance learning. This part of the data analysis 
combined the students' comments obtained through the open-ended question and 
the follow-up e-mail. 
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Table 4.15. Summary of the distribution of students' comments, by themes 
and percentages of the total number of comments (N = 123) 
Themes Percentage 
Autonomy . 50% 
Content 21% 
Interaction 20% 
Assessment 9% 
4.2.4.1. Autonomy 
Autonomy consisted of three subthemes—Individual Learning, Flexibility, and 
Convenience. Table 4.16 presents the percentage distribution of these subthemes. 
Table 4.16. Distribution of comments on Autonomy 
Individual learning 44% 
Flexibility 38% 
Convenience 18% 
Individual Learning: Under this theme, students commented on individual 
learning by stating they had to control most of their learning in Web-based classes. 
From the comments, individual learning appeared as a source of both satisfaction 
and dissatisfaction. Some students expressed that self-discipline was one important 
challenge of distance learning. 
I felt like I was "out of the loop" a lot of the time and missed little things that go 
on in the classroom that are helpful in learning and completing assignments 
as dictated by the professor. Also, I'm not sure I always have the discipline 
needed to work on my own. 
On the other hand, some students expressed that learning individually was an 
important future of distance learning. 
I like the fact that distance learning is based totally on the student. That is, I 
do not have to do group projects and worry about other students in the group 
not doing their share of work. 
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Flexibility: This theme consisted of expressions on how distance learning 
allowed students to study at their own time and pace. 
I am glad this specific course is on the Web. I like taking my own time to go 
through the material, at my own pace! Sitting through this class in person 
would go very slow for me. 
Convenience: Students made comments on the convenience of learning at a 
distance by stating they did not need to come to the campus for any activity other 
than exams. This was expressed as an important source of satisfaction, especially 
by off-campus students, who had limited access to classrooms. 
I live about 80 miles from campus so the drive wastes a lot of my time. I also 
have a family and home to care for, parents that are getting older, and some 
back problems. I have found that I am more involved in my life since I have 
been working on-line. I do miss the interpersonal communication from live 
class sessions; however, the convenience more than makes up for that. As 
an older student I have found that this fits into my lifestyle incredibly well. I 
would definitely take more on-line courses if they were available. 
I think that the distance education program is great! I am in the Navy, but I 
grew up here. I have always liked this university; so being able to still take 
classes from here is awesome for me. 
I am also more satisfied because I am an adult student returning to school 
and I do not like being in classes with students 10 years my younger as they 
tend to be lazy and unproductive, especially when group work is required in 
the class. 
4.2.4.2. Content 
Content consisted of the following sub themes—Structure, Relevance, and 
Delivery. Table 4.17 presents the percentage distribution of these subthemes. 
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Table 4.17. Distribution of comments on Content 
Structure 63% 
Relevance 23% 
Delivery 14% 
Structure: Segmenting units, pacing of lectures, and workload were 
emphasized under this theme. 
I think the course is well organized with a variety of assignments and 
opportunity to learn and earn points.... The instructor does an excellent job 
breaking down the different theories and topics into easy-to-grasp 
information, while still keeping it interesting.... The only complaint I have 
about this course is that the lectures tend to get a bit long at times ... I'm not 
always sure what I'm supposed to study since the material is so broad. 
A study guide for this class would've been appreciated.... The workload for 
this course was more than my other two traditional classes combined. I was 
overwhelmed with the amount of work required. 
On-line courses must come up with a lot of new content in addition to what 
was needed in the classroom. It is important because if lessons are 
disorganized or unclear, that is an unfair hassle. 
Relevance: Students made comments on the relevance of the content of 
Web-based courses to their daily experiences, profession, or prior knowledge. 
It is good only for some classes that are semi-removed from your main base 
of study and classes that tend to require less work and a subject which is 
easy to understand on your own. 
I found the information this class went over very helpful for my real life 
situations. If the course material was new to me or harder to understand, I 
would much rather take a course on campus with regular meeting times. That 
way I have a set schedule and wouldn't be able to put things off until the last 
minute like I do in this course. 
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Delivery: Alternative delivery methods were emphasized (e.g., texts, CD-
ROM) to deliver the content of the Web-based courses, especially if students have 
limited access. 
Audio lectures are time consuming and defeat the purpose of an on-line 
class; would prefer a text-based alternative. 
I would like this class a whole lot more if a CD with the lectures was available 
so that I could listen to them offline. I have difficulty finding time and places to 
be connected and often that connection is not good. I wish that there was a 
CD with the lectures offered. 
4.2.4.3. Interaction 
Interaction consisted of the following three subthemes—Student Interaction, 
Instructor Interaction, and Instructor Feedback. Table 4.18 presents the percentage 
distribution of these subthemes. 
Table 4.18. Distribution of comments on Interaction 
Student interaction 48% 
Instructor Interaction 28% 
Instructor Feedback 24% 
Student interaction: Interaction was expressed as one important component 
of successful and satisfactory distance learning environments. From the comments, 
it appeared that peer interaction made students feel more secure and more social. 
I felt like I was "out of the loop" a lot of the time and missed little things that go 
on in the classroom that are helpful in learning and completing assignments 
as dictated by the professor. I'm not sure I always have the discipline needed 
to work on my own.... I need the class time to be reminded of the things going 
on in the class and to give me more of an opportunity to interact with other 
students. 
A Web-based course is good for my learning style, but cannot replace social 
interaction with other students.... I would enjoy this class more with the social 
interaction of on site classes.... I do miss the interpersonal communication 
from live class sessions. 
103 
Reading the peer review of assignments on the message board also helped 
overcome the isolation I felt from my peers even though my study schedule 
and individualized completion deadlines were way out of synch with the rest 
of the class. 
Instructor interaction: Students stated that the lack of face-to-face interaction 
with the instructor was one of the causes of poor performance that makes them 
dissatisfied with distance learning. 
I think that Web-based courses are most effective when there is a direct line 
of communication with the instructor. I've found that I have a harder time 
learning science when there is no professor in front of me.... It's not that the 
material is super complicated; it's just that science is not the right subject (for 
me) to learn in a Web course.... I would much rather be in the classroom with 
a professor than have to play email tag. 
Instructor feedback: Students emphasized that instructor feedback was 
important for their satisfaction: 
The more personal feedback I got from a professor the more satisfied I was at 
any given time. 
This is definitely my favorite Web-based course of the three I'm taking now 
because it is much more interactive and I get a lot of feedback. 
However, the lack of instructor feedback appeared as one of the sources of 
dissatisfaction: 
I find the most difficult part of distance learning to be the lack of feedback on 
my work. I would prefer being able to see or discuss my incorrect answers so 
that I may better understand where I'm having trouble. 
4.2.4.4. Assessment 
Assessment consisted of two subthemes—Assignments and Exams. Table 
4.19 presents the percentage distribution of these subthemes. 
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Table 4.19 Summary of comments on Assessment 
Assignments 55% 
Exams 45% 
Assignments: Students emphasized the importance of the design of 
assignments. Group assignments appeared as one reason for dissatisfaction, since 
their grades were affected by others' performances. Deadlines and poorly written 
and unclear assignments were other reasons for dissatisfaction. 
I believe that Web-based learning is fine but I don't like the group aspect. 
Email correspondence isn't always the easiest thing to do and I think my 
grade will suffer from it.... All assignments for the group do not ask for who 
contributed to the assignment. When group input is not asked, everyone 
receives the same grade regardless of input. 
I don't like the way our group assignments are set up. I feel working a group 
over a distance is difficult, since the pressure isn't there to meet with group 
members and everyone can do the work when they want even if it doesn't 
work with the rest of the group. 
Questions on homework assignments are often poorly written and it is hard to 
catch deadlines. 
Exams: Students commented that on-campus testing and workload were 
sources of dissatisfaction: 
I believe this class is run perfectly for on-line use. The only thing that is 
inconvenient has to go on campus to take the test. 
The biggest reason I will not take Web classes anymore is because "work 
load" is much more than normal to compensate for not having to go to class 
(like having 8 or 10 exams compared to just 3 or 4). I also do not like the fact 
that every 2 weeks we have to go to campus to take a test. 
The test center for taking WebCT tests was very inconvenient. The hours 
were difficult for me to attend. I often found other students with the same 
complaint. One day I went to the test center during the scheduled open hours 
and they had decided to close early. Other students were upset by this, as 
was I, and several missed the test deadline because the center closed. 
105 
In summary, students expressed that learner autonomy, content, interaction, 
and assessment are important aspects of their satisfaction with distance learning. 
However, learner autonomy appeared as a component to be balanced between 
students who like and benefit from individual study and students who have problems 
with studying alone. Therefore, a healthy balance between learner autonomy and 
instructor effectiveness, according to students' characteristics, would be an 
appropriate approach to design and deliver instruction at a distance. 
4.3. THE RELATIONSHIP BETWEEN STUDENTS' DEMOGRAPHIC 
CHARACTERISTICS AND THEIR LEARNING STYLE PREFERENCES 
This section presents and interprets the results of statistical tests of the 
relationship between students' demographic characteristics and their learning style 
preferences. Demographic characteristics included gender, age, and major college, 
while learning style preferences included AC, CE, AE, and RO. It should be noted 
that AC and CE are the two poles of knowledge grasping, while AE and RO are the 
two poles of knowledge transfer. 
4.3.1. Knowledge Grasping 
Knowledge grasping has two poles, CE and AC. Following is a statistical 
analysis of students' preference of CE and AC as they relate to students' gender, 
age, and academic major college. 
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4.3.1.1. Concrete experience (CE) 
A three-way factorial ANOVA was conducted to investigate the effect of 
gender, age, major, and their interactions in preferring CE among respondents. The 
factorial ANOVA results, presented in Table 4.20, showed no significant main effect 
or interaction effect for gender, age, and major. The statistical interaction of gender, 
age, and academic major had a small effect on the preference of CE; however, this 
might be due to the large number of groups within demographic characteristics, 
resulting in a Type I Error of failing to detect significant differences (Tabachnick & 
Fidell, 1996). This model explained 14.8% of the variation within distance learning 
satisfaction (adjusted R2 = .058). 
Table 4.20. Factorial ANOVA summary for the overall effects of gender, age, and major on the 
preference of CE 
Source SS df MS F P ES 
Between groups 1804.22 26 69.39 
Gender 42.91 1 42.91 1.02 .314 .004 
Age 52.42 1 52.47 1.24 .266 .005 
Major 379.76 7 54.25 1.29 .258 .035 
Gender x Age 11.35 1 11.35 .27 .604 .001 
Gender x Major 518.08 6 86.35 2.05 .060 .047 
Age x Major 134.66 7 19.24 .46 .865 .013 
Gender x Age x 326.12 3 108.70 2.58 .054 .030 
Major 
Within Groups 10417.74 247 42.17 
Total 12221.96 273 
R^ = .148 (Adjusted R* = .058) 
4.3.1.2. Abstract conceptualization (AC) 
A three-way factorial ANOVA was conducted to investigate differences in 
preferring AC based on gender, age, and academic major among students in the 
participating courses. The factorial ANOVA results, presented in Table 4.21, show a 
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significant main effect for academic major (F (7, 247) = 3.15, p < .05, partial ES = 
.082). As shown in Table 4.22, students majoring in Liberal Arts and Sciences (M = 
32.72, SD = 7.55, n = 90) preferred AC more than students in Agriculture (M = 
28.21, SD = 7.62, n = 57, Bonferroni p < .05), Design (M = 25.86, SD = 4.96, n = 14, 
Bonferroni p < .05), Education (M = 25.94, SD = 4.19, n = 16, Bonferroni p < .05), 
and Family and Consumer Sciences (M = 26.80, SD = 5.54, n = 30, Bonferroni p < 
.05). Consequently, this model explained 20.8% of the variation within distance 
learning satisfaction (adjusted R2 = .124). 
Table 4.21. ANOVA summary for the overall effects of gender, age, and major on the 
preference of AC 
Source SS df MS F P ES 
Between groups 3419.64 26 131.52 
Gender 43.49 1 43.50 .82 .365 .003 
Age 155.91 1 155.91 2.95 .087 .012 
Major 1164.00 7 166.29 3.15 .003* .082 
Gender x Age 33.72 1 33.72 .64 .425 .003 
Gender x Major 277.34 6 46.22 .88 .514 .021 
Age x Major 298.44 7 42.63 .81 .582 .022 
Gender x Age x 231.49 3 77.16 1.46 .226 .017 
Major 
Within Groups 13049.33 247 52.83 
Total 16468.96 274 
R" = .208 (Adjusted Rz = .124) 
* Significant at the 0.05 level 
Table 4.22. Descriptive summary of the overall effect of major college on the preference of AC 
N M SD 
Agriculture 56 28.21 7.62 
Business 19 29.11 9.23 
Design 14 25.86 4.96 
Education 16 25.94 4.19 
Engineering 27 31.96 8.43 
Family and Consumer Sciences 30 26.80 5.54 
Liberal Arts and Sciences 90 32.72 7.55 
Veterinary Medicine 22 31.86 8.44 
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4.3.2. Knowledge Transfer 
Knowledge transfer has two poles, RO and AE. Following is a statistical 
analysis of students' preference of RO and AE as they relate to students' gender, 
age, and academic major. 
4.3.2.1. Reflective observation (RO) 
A three-way factorial ANOVA was conducted to investigate differences in 
preferring RO based on gender, age, and academic major among students in the 
participating courses. The results, presented in Table 4.23, showed a significant 
main effect for academic major (F (7, 247) = 2.63, p < .05, partial ES = .069), but not 
gender, age, or the interactions. As shown in Table 4.24, students majoring in 
Liberal Arts and Sciences (M = 30.00, SD = 5.88, n = 90) preferred RO more than 
Engineering students (M = 24.15, SD = 7.37, n = 27, Bonferroni p < .05). This model 
explained 14% of the variation within distance learning satisfaction (adjusted R2 = 
.049). 
Table 4.23. ANOVA summary for the overall effect of gender, age, and major on the 
preference of RO 
Source SS df MS F P ES 
Between groups 1756.59 26 67.56 
Gender 23.55 1 23.55 .54 .464 .002 
Age 74.46 1 74.46 1.70 .193 .007 
Major 804.63 7 114.95 2.63 .012* .069 
Gender x Age 14.30 1 14.30 .33 .568 .001 
Gender x Major 360.93 6 60.16 1.37 .226 .032 
Age x Major 546.29 7 78.04 1.78 .091 .048 
Gender x Age x 9.33 3 3.11 .07 .975 .001 
Major 
Within Groups 10813.88 247 43.78 
Total 12570.46 273 
R Squared = .140 (Adjusted R Squared = .049) 
* Significant at the 0.05 level 
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Table 4.24. Descriptive summary of the overall effect of major college on the preference of RO 
N M SD 
Agriculture 56 28.48 6.85 
Business 19 27.58 8.93 
Design 14 28.79 4.90 
Education 16 28.06 9.58 
Engineering 27 24.15 7.37 
Family and Consumer Sciences 30 29.10 5.80 
Liberal Arts and Sciences 90 30.00 5.88 
Veterinary Medicine 22 28.00 5.54 
4.3.2.2. Active experimentation (AE) 
A three-way factorial ANOVA was conducted to investigate gender, age, and 
academic major differences in preferring AE among students of the participating 
courses. The factorial ANOVA results, presented in Table 4.25, showed a significant 
main effect for academic major (F (7, 247) = 4.26, p < .001, partial ES = .108). As 
shown in Table 4.26, students majoring in Liberal Arts and Sciences (M = 31.09, SD 
= 7.19, n = 90) preferred AE less than Design (M = 39.14, SD = 4.46, n = 14, 
Bonferroni p < .05) and Education (M = 39.94, SD = 6.34, n = 16, Bonferroni p < 
.001) students. This model explained 10% of the variation within distance learning 
satisfaction (adjusted R2 = .182). 
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Table 4.25. ANOVA summary for the overall effect of gender, age, and major college on the 
preference of AE 
Source SS df MS F P ES 
Between groups 3289.30 26 126.51 
Gender 187.91 1 187.91 3.14 .078 .013 
Age 50.74 1 50.74 .85 .358 .003 
Major 1782.84 7 254.69 4.26 .000** .108 
Gender x Age 81.14 1 81.14 1.36 .245 .005 
Gender x Major 404.60 6 67.43 1.13 .347 .027 
Age x Major 493.93 7 70.56 1.18 .315 .032 
Gender x Age x 75.62 3 25.29 .42 .738 .005 
Major 
Within Groups 14776.13 247 59.82 
Total 18065.43 27 
R Squared = .182 (Adjusted R Squared = .096) 
** Significant at the 0.001 level 
Table 4.26. Descriptive summary of effect of major on 
the preference of AE 
N M SD 
Agriculture 56 35.98 8.44 
Business 19 33.80 9.31 
Design 14 39.14 4.46 
Education 16 39.94 6.34 
Engineering 27 36.30 9.25 
Family and Consumer Sciences 30 34.07 7.58 
Liberal Arts and Sciences 90 31.09 7.19 
Veterinary Medicine 22 36.09 7.10 
4.3.3. Learning Style Groups 
Multinomial logistic regression was conducted to determine the extent to 
which the independent variables of gender, age, and academic major were able to 
predict learning style. As seen in Table 4.27, the model performed fairly well 
(Nagelkerke R2 = .310). The likelihood ratio tests (Table 4.28) showed that academic 
major was a significant predictor of learning style (x2(21) = 69.73, p < .0001). 
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Parameter estimates (Appendix J) indicate that being from Liberal Arts & Sciences 
reduces the probability of being "Converger" and "Accommodator," versus being 
"Assimilator." Parameter estimates also indicate that being from Family & Consumer 
Sciences increases the probability of being "Diverger" versus "being Assimilator." 
Table 4.27. Pseudo R-square results for predicting learning style 
Cox and Snell .290 
Nagelkerke .310 
McFadden .126 
Table 4.28. Likelihood ratio tests for predicting learning style 
Effect -2 Log Likelihood of Reduced Model Chi-Square df Sig. 
Major 245.100 69.730 21 .000** 
Gender 179.389 4.018 3 .260 
Age 178.374 3.003 3 .391 
** Significant at the 0.001 level 
Consequently, the statistical analysis presented so far indicated that 
academic major has an effect on the preference of learning styles in 
knowledge grasping and knowledge transfer. It is also a significant predictor 
of learning styles as measured by the LSI (1999). Although the demographic 
analysis of LSI presented in section 4.2.3.2 showed gender and age group 
differences, these differences are not statistically significant. One of the 
explanations of this might be that there are interactions among the predictors 
of gender, age, and academic major. Therefore, the difference between 
females and males may be not occur because of their genders, but because 
of gender differences in academic major. However, the demographic analysis 
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of the LSI showed some contradictions with the findings of Kolb (2005), 
regarding the association between academic discipline and learning style 
preferences. 
4.4. THE RELATIONSHIP BETWEEN STUDENTS' DEMOGRAPHIC AND 
SITUATIONAL CHARACTERISTICS AND THEIR PERCEPTION OF DISTANCE 
LEARNING AND SATISFACTION 
This section presents the results of statistical tests and findings on the 
relationship between the students' demographic characteristics and their perceptions 
of distance learning and satisfaction. Demographic characteristics included gender, 
age, academic major, enrollment status, and situational characteristics such as 
previous Web-based learning experience (number of Web-based courses taken 
previously), weekly study hours, and science perception. Distance learning 
perceptions included instructor interactions, instructor feedback, student interactions 
and collaborations, personal relevance, authentic learning, active learning, and 
student autonomy as defined in the DELES questionnaire. 
4.4.1. Instructor Interaction 
This section of the survey was developed on students' agreement levels, 
using the following statements from the DELES questionnaire. As addressed earlier 
in the factor analysis of the DELES, these statements were grouped as a component 
in the section of Instructor Support, named Instructor Interaction. The order of the 
statements is the same as the order in the DELES. 
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1. If I have an inquiry, the instructor finds time to respond. 
3. The instructor responds promptly to my questions. 
5. The instructor adequately addresses my questions. 
7. It is easy to contact the instructor. 
A factorial analysis of covariance (ANCOVA) model estimated the effects of 
gender, age, and major on perception of instructor interaction, controlling for the 
covariates of enrollment status, previous Web-based learning experiences, weekly 
study hours, and science perception. As shown in Table 4.29, study hours per week 
influenced the perception of student interaction and collaboration (F (1, 219) = 4.46, 
p < .05, partial Eta2 = .020). This model explained 17.1% of the variation in 
perceptions of instructor interaction (adjusted R2 = .057). 
Table 4.29. ANCOVA summary for overall effect of demographic and situational characteristics 
on the perception of instructor interaction 
Source SS df MS F P partial Eta2 
Between groups 42.96 30 1.43 
Enrollment Status .01 1 .01 .01 .975 .000 
WBL Experience 1.36 1 1.36 1.43 233 .007 
Study hours/week 4.24 1 4.24 4.46 .036* .020 
Science Perception .01 1 .01 .01 .965 .000 
Gender .29 1 .29 .30 .582 .001 
Age 1.02 1 1.02 1.08 .301 .005 
Major 4.04 7 .58 .61 .751 .019 
Gender x Age 4.19 1 4.19 4.41 .107 .020 
Gender x Major 7.93 6 1.32 1.39 .220 .037 
Age x Major 10.34 7 1.48 1.55 .151 .047 
Gender x Age x Major 13.41 3 4.47 4.70 .093 .060 
Within Groups 208.34 219 .95 
Total 251.30 249 
R2 = .171 (Adjusted R2 = .057) 
* Significant at the 0.05 level 
As shown in Table 4.30, as students' study hours per week for their Web-
based Course activities and assignments goes up, their mean score of perception of 
instructor interaction increases. 
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Table 4.30. Descriptive summary for the effect of study 
hours/week on the preference of instructor interaction 
Study hours per week N M SD 
1-2 hours 21 -.08 .73 
3-6 hours 139 -.03 1.14 
7 or more hours 97 .11 .82 
Consequently, as students' weekly study hours affect their perception of 
instructor interaction, course instructors encourage and motivate them to devote 
more hours to coursework. Further studies may undertake in-depth analysis to 
identify how gender, age, and academic discipline affect students' perceptions of 
instructor interaction, to inform development of instructional strategies are developed 
to accommodate these differences. 
4.4.2. Instructor Feedback 
This section was developed on students' agreement levels, using the 
following statements from the DELES questionnaire. As addressed earlier in the 
descriptive analysis of the DELES by a factor analysis, these statements were 
grouped as a component in the section of Instructor Support, named Instructor 
Feedback. The order of the statements is same as the order in the DELES. 
2. The instructor provides me with feedback on my work. 
4. The instructor helps me identify problem areas in my study. 
6. The instructor gives me valuable feedback on my assignments. 
8. The instructor encourages my participation. 
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As mentioned earlier, in the factor analysis of the DELES, these statements 
were grouped as a reliable component named Instructor Feedback. The order of the 
statements here is the same as the order in the questionnaire. A factorial ANCOVA 
model estimated the overall effect of student gender, age, and academic major on 
perception of instructor, controlling for the covariates of enrollment status, previous 
Web-based learning experiences, weekly study hours, and science perception. The 
results, presented in Table 4.31, showed significant main effects for gender (F (1, 
219) = 2.78, p = .97, partial Eta2 = .013), age (F (1, 219) = 3.58, p < .05, partial Eta2 
= .028), and academic major (F (7, 219) = 3.39, p < .001, partial Eta2 = .098). This 
model explained 25.1% of variation in perceptions of instructor feedback (adjusted 
R2= .148). 
Table 4.31. ANCOVA summary for overall effect of demographic and situational 
characteristics on the perception of instructor feedback 
Source 55 df MS F P partial Eta2 
Between groups 62.79 30 2.09 
Enrollment Status .01 1 .01 .01 .929 .000 
WBL Experience .46 1 .46 .53 .466 .002 
Weekly study hours 1.78 1 1.78 2.07 .151 .009 
Science Perception .40 1 .40 .47 .493 .002 
Gender 2.38 1 2.38 2.78 .097 .013 
Age 3.06 1 3.06 3.58 .048 .028 
Major 20.32 7 2.90 3.39 .001** .098 
Gender x Age 2.33 1 2.33 2.72 .101 .012 
Gender x Major 5.11 6 .85 1.00 .430 .027 
Age x Major 11.78 7 1.68 1.97 .091 .059 
Gender x Age x Major 3.79 3 1.26 1.47 .223 .020 
Within Groups 187.54 219 .85 
Total 250.32 249 
R2 = .251 (Adjusted R2 = .148); * Significant at the 0.05 level; **.Significant at the 0.001 
As shown in Table 4.32, students aged over 21 (M = .173, SD = 1.06, N = 93) 
were significantly more positive with instructor feedback than were those who were 
aged 18-21 (M = -125, SD = 1.94, N = 140). 
116 
Table 4.32. Descriptive summary for the effect of 
age on the perception of instructor feedback 
Age N M SD 
18-21 
Above 21 
140 
93 
-.125 
.173 
.94 
1.06 
As shown in Table 4.33, Family and Consumer Sciences students {M = .628, 
SD = .94, N = 27) were significantly more positive with instructor feedback than were 
Liberal Arts and Sciences students (M = -.353, SD = .94, N = 79, Bonferroni p < 
.001). 
Table 4.33. Descriptive summary for the effect of 
major on the perception of instructor feedback 
Major N M SD 
Family and Consumer Sciences 
Liberal Arts and Sciences 
27 
79 
.628 
-.353 
94 
.94 
These results indicate that students' perceptions of instructor feedback is 
affected by their demographic characteristics. Therefore, a further study may explore 
where these differences occur, to make it possible to accommodate them. 
4.4.3. Student Interactions and Collaborations 
This section was developed to measure students' agreement levels, using the 
following six statements from the DELES questionnaire: 
9. I work with others. 
10. I relate my work to others' work. 
11. I share information with other students. 
12. I discuss my ideas with other students. 
13. I collaborate with other students in the class. 
14. Group work is a part of my activities. 
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A factorial ANCOVA model estimated the overall effect of gender, age, and 
college of academic major on perception of student interactions and collaborations 
controlling for the covariates of enrollment status, previous Web-based learning 
experiences, weekly study hours, and science perception. The results, presented in 
Table 4.34, showed a significant main effect for academic major (F (7, 234) = 4.12, p 
< .001, partial Eta2 = .110). Average study hours per week influenced the perception 
of student interactions and collaborations (F (1, 234) = 5.73, p < .05, partial Eta2 = 
.024). This model explained 22.7% of variation in perceptions of student interactions 
and collaborations (adjusted R2 = .128). 
Table 4.34. ANCOVA summary for overall effect of demographic and situational 
characteristics on the perception of student interactions and collaborations 
Source SS df MS F P partial Eta2 
Between groups 57.96 30 1.93 
Enrollment Status 1.05 1 1.05 1.25 .265 .005 
WBL Experience .42 1 .42 .50 .482 .002 
Study hours/week 4.82 1 4.82 5.73 .018* .024 
Science Perception .24 1 .24 .29 .593 .001 
Gender .60 1 .60 .72 .399 .003 
Age .68 1 .68 .81 .368 .003 
Major 24.29 7 3.47 4.12 .000** .110 
Gender x Age .04 1 .04 .060 .808 .000 
Gender x Major 10.59 6 1.76 2.10 .094 .051 
Age x Major 4.62 7 .66 .79 .601 .023 
Gender x Age x Major .60 3 .20 .24 .870 .003 
Within Groups 196.92 234 .84 196.92 
Total 254.89 264 
R^ = .227 (Adjusted Rz = .128) 
* Significant at the 0.05 level; ".Significant at the 0.001 level 
As shown in Table 4.35, Family and Consumer Sciences students (M = .644, 
SD = 1.15, N = 27) were significantly more positive with student interactions and 
collaborations than were Liberal Arts and Sciences (M = .187, SD = .91, A/ = 84, 
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Bonferroni p < .05), and Design students (M = .1506, SD = .87, N = 13, Bonferroni p 
< .05). 
Table 4.35. Descriptive summary for the effect of college of academic 
major on the perception of student interactions and collaborations 
Academic major N M SD 
Family and Consumer Sciences 27 .644 1.15 
Liberal Arts and Sciences 84 .187 .91 
Design 13 .506 .87 
As shown in Table 4.36, as students' study hours per week for their Web-
based course activities and assignments increase, their mean score of perception of 
student interaction and collaboration increases. 
Table 4.36. Descriptive summary for the effect of study hours/week 
on the perception of student interactions and collaborations 
Study hours per week N M SD 
1 -2 hours 21 -.13 1.00 
3-6 hours 152 -.06 .97 
7 or more hours 100 .16 1.04 
4.4.4. Personal Relevance 
This section was developed to measure students' agreement levels, using the 
following seven statements from the DELES questionnaire: 
15. I can relate what I learn to my life outside the university. 
16. I am able to pursue topics that interest me. 
17. I can connect my studies to my activities outside the class. 
18. I apply my everyday experiences in class. 
19. I link class work to my life outside the university. 
20. I learn things about the world outside the university. 
21. I apply my out-of-class experience. 
A factorial ANCOVA model estimated the overall effects of gender, age, and 
college of academic major on perception of personal relevance, when controlling the 
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covariates of enrollment status, previous Web-based learning experiences, weekly 
study hours, and science perception. The results, presented in Table 4.37, showed a 
significant main effect for age (F (1, 229) = 7.91, p < .05, partial Eta2 =.033). Study 
hours per week had a significant relationship with the perception of personal 
relevance (F (1, 229) = 4.20, p < .05, partial Eta2 =.022). Science perception also 
had a significant relationship with the perception of personal relevance (F (1, 229) = 
11.15, p < .001, partial Eta2 = 056). This model explained 28% of the variation in 
perceptions of personal relevance (adjusted R2 = .186). 
Table 4.37. ANCOVA summary for overall effect of demographic and situational characteristics 
on the perception of student personal relevance 
Source SS df MS F P partial Eta2 
Between groups 73.02 30 2.43 
Enrollment Status .36 1 .36 .44 .507 .002 
WBL Experience .01 1 .01 .00 .959 .000 
Study hours/week 4.20 1 4.20 5.13 .025* .022 
Science Perception 11.15 1 11.15 13.61 .000** .056 
Gender 1.77 1 1.77 2.16 .143 .009 
Age 6.48 1 6.48 7.91 .005* .033 
Major 11.78 7 1.68 2.06 .089 .059 
Gender x Age .10 1 .10 .12 .726 .001 
Gender x Major 5.20 6 .87 1.06 .389 .027 
Age x Major 8.40 7 1.20 1.46 .181 .043 
Gender x Age x Major .34 3 .11 .14 .938 .002 
Within Groups 187.57 229 .82 
Total 260.59 259 
Rz = .280 (Adjusted Rz = .186) 
* Significant at the 0.05 level; ".Significant at the 0.001 level 
As shown in Table 4.38, students aged over 21 (M = .274, SD = .96, N = 99) 
were significantly more positive with personal relevance than those aged 18-21 {M 
=.-173, SD = .96, N = 99). 
Table 4.38. Descriptive summary for the effect of 
age on the perception of personal relevance 
N M SD 
18-21 
Over 21 
145 
99 
-.173 
.274 
.983 
.956 
As shown in Table 4.39, when students' study hours per week for their Web-
based course activities and assignments increase, their mean score of perception of 
personal relevance to the content of courses increases. 
Table 39. Descriptive summary for the effect of study 
hours/week on the perception of personal relevance 
Study hours per week N M SD 
1-2 hours 21 -.29 1.10 
3-6 hours 148 -.02 .99 
7 or more hours 99 .09 1.00 
As shown in Table 4.40, when students' science perception increases, their 
mean score of perception of personal relevance to the content of courses increases. 
Table 4.40. Descriptive summary for the effect of science 
perception on the perception of personal relevance 
Perception of science N M SD 
Very Hard 23 -.52 1.20 
Hard 58 -.19 1.10 
Acceptable 134 .01 .90 
Easy 42 .28 .86 
Very Easy 9 1.10 .80 
4.4.5. Authentic Learning 
This section was developed to measure students' agreement levels, using the 
following five statements from the DELES questionnaire: 
22. I study real cases related to the class. 
23. I use real facts in class activities. 
24. I work on assignments that deal with real-world information. 
25. I work with real examples. 
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26. I enter the real world of the topic of study. 
A factorial ANCOVA model estimated the overall effects of gender, age, and 
college of academic major on perception of authentic learning when controlling the 
covariates of enrollment status, previous Web-based learning experiences, weekly 
study hours, and science perception. As shown in Table 4.41, study hours per week 
(F (1, 224) = 9.04, p < .05, partial Eta2 = .039) and science perception (F (1, 224) = 
5.79, p < .017, partial Eta2 =.025) had a significant relationship with the perception of 
authentic learning. This model explained 19.6% of the variation in authentic learning 
(adjusted R2 = .089). 
Table 4.41. ANCOVA summary for overall effect of demographic and situational 
characteristics on the perception of authentic learning 
Source SS df MS F P partial Eta2 
Between groups 49.21 30 1.64 
Enrollment Status .01 1 .01 .00 .988 .000 
WBL Experience .05 1 .05 .06 .807 .000 
Study Hours/Week 8.13 1 8.13 9.04 .003* .039 
Science Perception 5.20 1 5.20 5.79 .017* .025 
Gender 1.22 1 1.22 1.35 .246 .006 
Age .09 1 .09 .11 .746 .000 
Major 7.75 7 1.11 1.23 .287 .037 
Gender x Age .52 1 .52 .58 .449 .003 
Gender x Major 3.66 6 .61 .68 .667 .018 
Age x Major 8.98 7 1.28 1.43 .196 .043 
Gender x Age x Major 4.07 3 1.36 1.51 .213 .020 
Within Groups 201.46 224 .90 
Total 250.67 254 
Rz = .196 (adjusted = .089) 
* Significant at the 0.05 level 
As shown in Table 4.42, when students' study hours per week for their Web-
based course activities and assignments increases, their mean score of perception 
of authentic learning increases. 
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Table 4.42. Descriptive summary for the effect of study 
hours/week on the perception of authentic learning 
Study hours per week N M SD 
1-2 hours 21 -.46 1.17 
3-6 hours 146 -.01 .97 
7 or more hours 96 .11 .97 
As shown in Table 4.43, when students' science perception increases, their 
mean score of perception of authentic learning increases. 
Table 4.43. Descriptive summary for the effect of science 
perception on the perception of authentic learning 
Perception of science N M SD 
Very Hard 23 -.36 1.25 
Hard 54 -.04 .91 
Acceptable 133 -.01 1.00 
Easy 42 .11 .92 
Very Easy 9 .78 .69 
4.4.6. Active Learning 
This section was developed to measure students' agreement levels, using the 
following three statements from the DELES questionnaire: 
27. I explore my own strategies for learning. 
28. I seek my own answers. 
29. I solve my own problems. 
A factorial ANCOVA model estimated the overall effects of gender, age, and 
academic major on perception of active learning, controlling for the covariates of 
enrollment status, previous Web-based learning experiences, weekly study hours, 
and science perception. As shown in Table 4.44, study hours per week (F (1, 231) = 
9.49, p < .05, partial Eta2 = .039) had a significant relationship with perceptions of 
active learning. Science perception (F (1, 231) = 4.17, p < .05, partial Eta2 = .018) 
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also had a significant relationship with perceptions of active learning. This model 
explained 19% of the variation in active learning (adjusted R2 = .085). 
Table 4.44. ANCOVA summary for overall effect of demographic and situational 
characteristics on the perception of active learning 
Source SS df MS F P partial Eta2 
Between groups 49.40 30 1.65 
Enrollment Status .293 1 .293 .321 .572 .001 
WBL Experience .513 1 .513 .562 .454 .002 
Study Hours/Week 8.653 1 8.653 9.487 .002* .039 
Science Perception 3.807 1 3.807 4.174 .042 .018 
Gender 2.198 1 2.198 2.410 .122 .010 
Age .585 1 .585 .641 .424 .003 
Major 15.343 7 2.192 2.403 .088 .038 
Gender x Age .259 1 .259 .284 .595 .001 
Gender x Major 3.659 6 .610 .669 .675 .017 
Age x Major 3.352 7 .479 .525 .815 .016 
Gender x Age x Major 3.518 3 1.173 1.286 .280 .016 
Within Groups 210.698 231 .912 
Total 260.10 262 
R^ = .190 (Adjusted R' = .085) 
* Significant at the 0.05 level 
As shown in Table 4.45, when students' study hours per week for their Web-
based Course Activities and assignments increase, their mean score of perception 
of active learning increases. 
Table 4.45. Descriptive summary for the effect of study 
hours/week on the perception of active learning 
Study hours per week N M SD 
1-2 hours 21 -.41 .76 
3-6 hours 150 -.05 .98 
7 or more hours 99 .16 1.03 
As shown in Table 4.46, when students' science perception increases, their 
mean score of perception of active learning increases. 
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Table 4.46. Descriptive summary for the effect of science 
perception on the perception of active learning 
Science perception N M SD 
Very Hard 23 -.19 1.19 
Hard 58 -.16 1.02 
Acceptable 137 -.04 .98 
Easy 41 .20 .87 
Very Easy 9 .66 .78 
4.4.7. Student Autonomy 
This section was developed to measure students' agreement levels, using the 
following five statements from the DELES questionnaire: 
30. I make decisions about my learning. 
31. I work during times I find convenient. 
32. I am in control of my learning. 
33. I play an important role in my learning. 
34. I approach learning in my own way. 
A factorial ANCOVA model estimated the overall effects of gender, age, and 
college of academic major on perception of student autonomy, controlling for the 
covariates of enrollment status, previous Web-based learning experiences, weekly 
study hours, and science perception. As shown in Table 4.47, study hours per week 
(F (1, 235) = 6.27, p < .05, partial Eta2 = .026) had a significant relationship with the 
perception of student autonomy. Science perception (F (1, 235) = 5.50, p < .05, 
partial Eta2 = .023) also had a significant relationship with the perception of student 
autonomy. This model explained 18% of the variation in student autonomy (adjusted 
R2 = .075). 
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Table 4.47. ANCOVA summary for overall effect of demographic and situational 
characteristics on the perception of student autonomy 
Source SS df MS F P partial Eta2 
Between groups 47.45 30 1.59 
Enrollment Status .38 1 .38 .41 .522 .002 
WBL Experience .66 1 .66 .71 .399 .003 
Study Hours/Week 5.77 1 5.77 6.27 .013* .026 
Science Perception 5.06 1 5.06 5.50 .020* .023 
Gender .04 1 .04 .050 .824 .000 
Age .60 1 .60 .65 .423 .003 
Major 7.18 7 1.03 1.11 .355 .032 
Gender x Age 3.33 1 3.33 3.62 .114 .015 
Gender x Major 12.78 6 2.13 2.31 .093 .056 
Age x Major 4.02 7 .57 .62 .736 .018 
Gender x Age x Major 4.65 3 1.55 1.68 .171 .021 
Within Groups 216.46 235 .92 
Total 263.90 265 
Rz = .180 (Adjusted R' = .075) 
* Significant at the 0.05 level 
As shown in Table 4.48, when students' study hours per week for their Web-
based course activities and assignments increases, their mean score of perception 
of student autonomy increases. 
Table 4.48. Descriptive summary for the effect of study 
hours/week on the perception of student autonomy 
Study hours per week N M SD 
1-2 hours 22 -.36 1.28 
3-6 hours 150 -.30 1.00 
7 or more hours 100 .12 .94 
As shown in Table 4.49, when students' science perception increases, their 
mean score of perception of student autonomy increases. 
Table 4.49. Descriptive summary for the effect of science 
perception on the perception of student autonomy 
Science perception N M SD 
Very Hard 24 -.24 1.13 
Hard 58 -.17 .94 
Acceptable 138 .05 1.00 
Easy 43 .06 1.04 
Very Easy 9 .70 .44 
126 
4.4.8. Distance Learning Satisfaction 
This section was developed to measure students' agreement levels, using the 
following statements from the DELES questionnaire: 
35. Distance Education is stimulating. 
36. I prefer Distance Education. 
37. Distance Education is exciting. 
38. Distance Education is worth my time. 
39. I enjoy studying by distance. 
40. I look forward to learning by distance. 
41. I would enjoy my education more if all my classes were by distance. 
42. I am satisfied with this class. 
A factorial ANCOVA was estimated to determine the overall effect of gender, 
age, and academic major on satisfaction with distance learning, controlling for the 
covariates of enrollment status, previous Web-based learning experiences, weekly 
study hours, and science perception (Table 4.50). None of the characteristics had a 
significant relationship with satisfaction with distance learning. This model explained 
24.4% of the variation in distance learning satisfaction (adjusted R2 = .136). 
Table 4.50. ANCOVA summary for overall effect of demographic and situational 
characteristics on distance learning satisfaction 
Source SS df MS F P partial Eta2 
Between groups 48.33 30 1.61 
Enrollment Status 1.00 1 1.00 1.10 .296 .005 
WBL Experience .01 1 .01 .00 .996 .000 
Weekly study hours 1.48 1 1.48 1.63 .203 .007 
Science Perception 2.20 1 2.20 2.42 .121 .010 
Gender .84 1 .84 .92 .337 .004 
Age 9.92 7 1.42 1.56 .148 .044 
Major .57 1 .57 .63 .429 .003 
Gender x Age 6.12 6 1.02 1.12 .350 .028 
Gender x Major 3.34 1 3.34 3.68 .096 .015 
Age x Major 3.59 7 .51 .56 .785 .016 
Gender x Age x Major 10.63 3 3.54 3.90 .110 .047 
Within Groups 214.28 236 .91 
Total 262.62 267 
Rz = .244 (Adjusted = .136) 
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4.5. THE RELATIONSHIP BETWEEN STUDENTS' LEARNING STYLE 
PREFERENCES AND THEIR PERCEPTIONS AND SATISFACTION WITH 
DISTANCE LEARNING 
This section presents the results of a statistical analysis on the relationship 
between learning style preferences and students' perceptions and satisfaction with 
distance learning. Canonical correlations were calculated to examine how students' 
learning style preferences (CE, RO, AC, and AE) were related to the perception of 
distance learning (instructor interaction, instructor feedback, student interactions and 
collaborations, personal relevance, authentic learning, active learning, and student 
autonomy), and distance learning satisfaction. 
As shown in Table 4.51, none of the canonical correlations was statistically 
significant. However, canonical correlation 1 had a relatively high loading within the 
model. This indicated that AC preference had a correlation with the perception of 
authentic learning, active learning, and autonomy. 
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Table 4.51. Canonical correlation summary of learning styles and distance learning 
perception 
Canonical Correlations 
1 2 3 4 
.320 .178 .103 .088 
Test that remaining correlations are zero 
Wilk's A .853 .951 .982 .992 
Chi-SQ 37.127 11.848 4.323 1.821 
DF 32.000 21.000 12.000 5.000 
Sig. .244 .944 .977 .873 
Canonical loadings for learning style preferences 
CE -.413 -.483 -.580 .509 
FtO -.094 .368 .614 .692 
AC .936 -.296 .072 .177 
AE -.410 .619 -.512 -.432 
Canonical Loadings for distance learning perception 
Instructor interaction 026 .667 -.258 .544 
Instructor Feedback -.256 .052 -.087 .099 
Student Interaction -.187 -.272 -.022 -.080 
Personal Relevance .324 -.213 -.123 .498 
Authentic Learning .569 -.160 -.536 .362 
Active Learning .754 .255 .225 -.105 
Student Autonomy .437 .533 -.284 -.145 
Satisfaction .178 .285 .377 .454 
Pearson correlations (Table 4.52) also indicated that AC preference was 
significantly correlated with authentic learning (Pearson r= .184, p < .01, N = 263) 
and active learning (Pearson r = 169, p < .01, N = 270). It also indicated that CE 
preference was significantly correlated with AE (Pearson r = .164, p < .01, N = 270). 
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Table 4.52. Canonical correlation summary of learning styles and distance learning 
perception 
AE RO AC CE 
Instructor interaction -.099 .052 -.036 -.002 
Pearson Correlation 
.112 Sig. (2-tailed) .410 .562 .972 
N 257 257 257 257 
Instructor Feedback -.019 .043 -.063 .034 
Pearson Correlation 
Sig. (2-tailed) .757 .493 .314 .585 
N 257 257 257 257 
Student Interaction .042 -.049 -.026 .020 
Pearson Correlation 
.486 .425 .672 .741 Sig. (2-tailed) 
N 273 273 273 273 
Relevance -.032 .011 .110 .015 
Pearson Correlation 
.607 .857 .072 .802 Sig. (2-tailed) 
N 268 268 268 268 
Authentic Learning -.082 -.030 .184** -.030 
Pearson Correlation 
.185 .632 .003 .628 Sig. (2-tailed) 
N 263 263 263 263 
Active Learning -.087 -.022 .169** C
D 
Pearson Correlation 
.156 .722 .005 .007 Sig. (2-tailed) 
N 270 270 270 270 
Student Autonomy -.020 .006 .096 -.046 
Pearson Correlation 
.736 .922 .113 .448 Sig. (2-tailed) 
N 274 274 274 274 
Satisfaction -.091 .086 .022 -.015 
Pearson Correlation 
.132 .157 .710 .804 Sig. (2-tailed) 
N 275 275 275 275 
** Correlation is significant at the 0.01 level (2-tailed) 
AC preference was positively correlated with the perception of authentic 
learning and active learning in the Web-based courses, whereas CE was negatively 
correlated with the perception of active learning. AC and CE are both sides of 
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knowledge grasping. Therefore, course instructors may increase activities for CE 
learners. According to Kolb (2005), these include online simulations, role play, and 
synchronous communication. 
4.6. ADDITIONAL ANALYSIS I: THE RELATIONSHIP BETWEEN THE WEB-
COURSES AND STUDENTS' CHARACTERISTICS 
A one-way analysis of variance (ANOVA) was conducted to determine course 
differences in student perception and satisfaction. AN OVA results revealed 
significant differences among the course-based Web-based learning experience, 
study hours per week, gender, and age. Table 4.53 summarizes the significant post 
hoc multiple comparisons (see whole comparisons in Appendix K). It should be 
noted that effect size (partial Eta2) of these differences is not big enough to 
generalize these differences. According to Gravetter and Forzano (2003), citing 
Cohen (1969), an effect size is between 0 and 0.2, which indicates a mean 
difference less than 0.2 standard deviation, is small. Therefore, the effect of courses 
might possibly differ for different populations. 
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Table 4.53. ANOVA summary for the effect of the courses on students' characteristics 
SS df MS F P partial Eta2 
Enrollment status Between Groups 
Within Groups 
Total 
.38 
54.46 
54.84 
4 
274 
278 
.09 
.20 
.48 .752 .009 
WBL experience Between Groups 
Within Groups 
Total 
19.44 
254.11 
273.54 
4 
273 
277 
4.86 
.93 
5.22 .000** .070 
Study hours per 
week 
Between Groups 
Within Groups 
Total 
163.13 
2526.19 
2689.32 
4 
274 
278 
40.78 
9.22 
4.42 .002* .060 
Science perception Between Groups 
Within Groups 
Total 
5.29 
221.72 
227.01 
4 
272 
276 
1.32 
.82 
1.62 .169 .026 
Gender Between Groups 
Within Groups 
Total 
5.68 
60.59 
66.26 
4 
273 
277 
1.42 
.22 
6.40 .000** .084 
Age Between Groups 
Within Groups 
Total 
6.42 
61.01 
67.43 
4 
273 
277 
1.61 
.22 
7.18 .000** .095 
* Significant at the 0.05 level; ** Significant at the 0.001 level 
Multiple comparisons (Table 4.54) showed that students from Course B were 
more experienced with Web-based learning than were students from Course A. 
Students from Course E were studying more hours per week than were students 
from Courses A and B. Courses A and B had more female students than Courses C 
and E. Students in Courses D and E were older than students in Courses A, B, and 
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Table 4.54. Bonferroni Multiple Comparisons for the courses based on 
students' characteristics 
Courses Mean Difference Sig. 
WBL Experience Course B Course A .4642 .005* 
Study Hour Course E Course A 2.0720 .031* 
Course B 2.8037 .001** 
Gender Course A Course C .3902 .004** 
Course E .2723 .047* 
Course B Course C .3191 .011* 
Course E .4369 .001** 
Age Course D Course A .5764 .005* 
Course B .4714 .044* 
Course C .5341 .031* 
Course E Course A .4701 .000** 
Course B .3651 .009* 
Course C .4278 .011* 
* Significant at the 0.05 level; **.Significant at the 0.001 level 
A chi square nonparametric test was executed to identify if there was a 
significant relationship between courses and students' academic major. The results 
(Table 4.55) showed a significant relationship. As shown in Table 4.56, over one-half 
of the students came from Agriculture and Liberal Arts and Sciences. However, 
Course E did not have any students from Agriculture and only one student from 
Liberal Arts and Sciences. The courses have a few students from Engineering. 
However, Course A had 25 students from Engineering. Courses A and B were the 
only courses with students from Business and Engineering. Course D did not have 
any students from Education, while Course E had only one Education student and 
Course A had two Education students. Most of the students from Course E came 
from Family and Consumer Sciences (18). 
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Table 4.55. Chi Square test summary for the differences 
among courses based on students' academic major 
Chi-Square 
df 
COURSE 
168.115 
4 
MAJOR 
136.971 
7 
Sig. .000 .000 
Table 4.56. Academic major-Course Cross tabulation 
COURSE Total 
CourseA CourseB CourseC CourseD CourseE 
Agriculture 13 33 9 3 0 58 
Business 12 8 0 0 0 20 
Design 5 9 0 0 0 14 
Education 2 8 6 0 1 17 
Engineering 25 0 1 1 27 
Family & Consumer 9 2 1 18 30 
Sciences 
Liberal Arts & Sciences 38 39 8 4 1 90 
Veterinary Medicine 9 4 6 1 3 23 
Total 113 103 31 9 23 279 
4.7. ADDITIONAL ANALYSIS II: THE RELATIONSHIP BETWEEN THE WEB-
BASED COURSES AND STUDENTS' PERCEPTIONS AND SATISFACTION OF 
DISTANCE LEARNING 
A one-way analysis of variance (ANOVA) was conducted to determine course 
differences in student perception and satisfaction. ANOVA results revealed 
significant differences among the courses based on instructor interaction, instructor 
feedback, student interaction and collaboration, and personal relevance. Table 4.57 
summarizes the significant post hoc multiple comparisons (whole comparisons are in 
Appendix K). 
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Table 4.57. ANOVA summary for the effect of the courses on the perception of 
distance learning and satisfaction 
Dependent Variable Sources SS df MS F P partial 
Eta2 
Instructor Interaction Between Groups 
Within Groups 
Total 
10.43 
246.79 
257.22 
4 
252 
256 
2.60 
.980 
2.66 .033* .042 
Instructor Feedback Between Groups 
Within Groups 
Total 
28.65 
22.00 
252.64 
4 
252 
256 
7.16 
.890 
8.06 .000** .105 
Student Interaction 
and Collaboration 
Between Groups 
Within Groups 
Total 
49.25 
223.64 
272.89 
4 
268 
272 
12.31 
.83 
14.75 .000** .160 
Personal Relevance Between Groups 
Within Groups 
Total 
21.61 
248.82 
270.44 
4 
263 
267 
5.40 
.95 
5.71 .000** .065 
Authentic Learning Between Groups 
Within Groups 
Total 
8.64 
251.35 
259.98 
4 
258 
262 
2.16 
.97 
2.22 .098 .038 
Active Learning Between Groups 
Within Groups 
Total 
1.49 
263.68 
265.18 
4 
265 
269 
.37 
1.00 
.38 .826 .013 
Student Autonomy Between Groups 
Within Groups 
Total 
.20 
273.90 
274.10 
4 
269 
273 
.05 
1.018 
.05 .995 .003 
Student Satisfaction Between Groups 
Within Groups 
Total 
3.92 
267.68 
271.60 
4 
270 
274 
.98 
.99 
.99 .415 .013 
* Significant at the 0.05 level; ** Significant at the 0.001 level 
Multiple comparisons (Table 4.58) showed that students from Courses A and 
B perceived instructor interaction better than those from Course C. Students from 
Course D perceived instructor feedback better than those from Course A. Course E 
was perceived better than Courses A, B, and C in terms of instructor feedback. For 
student interaction, Courses D and E were perceived better than Courses A, B, and 
C. For personal relevance, Course B was perceived better than Course A. Course E 
also was perceived better than Courses A and C. 
Table 4.58. Bonferroni Multiple Comparisons among courses based the students' 
perceptions of distance learning and satisfaction 
Courses Mean Difference Sig. 
Instructor Interaction Course A Course C .6049690 .044* 
Course B Course C .6443775 .027* 
Instructor Feedback Course D 
Course E 
Course A 
Course A 
Course B 
Course C 
1.2522125 
1.0890991 
.9485054 
.9482719 
.017* 
.000** 
.000** 
.005* 
Student Interaction Course 0 
Course E 
Course A 
Course B 
Course C 
Course A 
Course B 
Course C 
1.2812154 
1.4210970 
.9945438 
1.2453601 
1.3852417 
.9586885 
.001** 
.000** 
.045* 
.000** 
.000** 
.002* 
Personal relevance Course B 
Course E 
Course A 
Course A 
Course C 
.4585845 
.8829885 
.7849182 
.008* 
.001** 
.050* 
* Significant at the 0.05 level; ** Significant at the 0.001 level 
4.8. LIMITATIONS OF THE RESULTS 
Some of these results are limited in their interpretability. The linear models 
that include interaction terms are relatively inefficient because the interactions are 
never significant and thus contribute little but "noise" to the model. Subsequent 
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analyses may be conducted using only main effects, to avoid the complications of 
multicollineary that occur frequently when interactions are included. Reestimating 
these models without interactions may result in different interpretations regarding 
which estimated model parameters are significant, but the results presented here 
are useful because they show which main effects are significant when interactions 
are present. The ANOVA results for enrollment status differences across courses 
and gender differences across courses may not be valid because these models 
used dichotomous dependent variables, resulting in biased and heteroscedastic 
parameter estimates. However, these ANOVA results are useful for the purpose of 
interpreting multiple comparisons of these differences between pairs of courses. The 
chi-square statistic associated with the cross tabulation of course by college may be 
invalid due to small expected cell frequencies. Nonetheless, this approach may be 
preferable to using a multinomial logistic model because the results are easier to 
interpret. Finally, small regression scores also indicates that students' characteristics 
examined in this study had a low predictive ability on their perception and 
satisfaction with distance learning. This indicates that the results may not be the 
same for different populations. Measuring same students' characteristics and 
variables by using different instruments may also result in different results. 
4.9. SUMMARY 
The sample of this study included 279 students from five Web-based courses 
at a Midwestern state university. Data were collected through an online 
questionnaire, combining the learning Style Inventory (LSI) (Kolb, 1984) and 
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Distance Education Learning Environment Survey (DELES) (Walker, 2003) with two 
additional sections—demographic characteristics and student comments. Data 
analysis included descriptive analysis of students' characteristics and survey 
instruments, a factor analysis to ensure the components of the DELES, Cronbach's 
alpha reliability analyses for both instruments, and factorial analysis of variance and 
canonical correlation to answer the questions. Various findings were identified and 
summarized. They will be discussed in Chapter 5. 
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CHAPTER 5: SUMMARY, DISCUSSION, AND RECOMMENDATIONS 
5.1. INTRODUCTION 
This chapter presents a summary of the significant findings and a discussion 
of the results. The discussion includes the results of statistical tests with the 
descriptive data presented in Chapter 4 and related literature presented in Chapter 
2. The discussion is followed by conclusions and recommendations for Web-based 
course design and for future research. However, before the discussion it would be 
helpful to remember the purpose and the questions presented in Chapter 1. The 
purpose of this study was to investigate the relationships between learners' 
characteristics and learners' perceptions of distance learning and satisfaction with 
Web-based courses. The research questions for this purpose are as follows: 
1. What is the relationship between students' demographic characteristics and 
their learning style preferences Web-based courses? 
2. What is the relationship between students' demographic and situational 
characteristics and their perception of distance learning and satisfaction with 
distance learning in Web-based courses? 
3. What is the relationship between students' learning style preferences and 
their perceptions of and satisfaction with distance learning Web-based 
courses? 
The next section summarizes the significant findings from the literature and the 
statistical analysis of the data as they relate to the research questions. 
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5.2. SUMMARY 
5.2.1. Summary of the Related Literature 
This section summarizes the findings from the literature review presented in 
Chapter 2. The purpose of summary is to help readers review the significant 
literature and compare to this study's findings. The summary refers back to the 
related sections, starting with the distance learning and continuing with learner 
characteristics in Web-based learning. 
Learner autonomy, interaction, structure and social presence have been 
identified as important aspects of distance learning from the theoretical perspectives 
on distance learning presented in section 2.3.2 (Garrison & Baynton, 1987; 
Gunawardena & Mclsaack, 2004; Moore & Kearsly, 1996, 2005). According to 
Williams (2002), effective Web-based instruction provides relevant and authentic 
learning experiences with a variety of opportunities for interaction and feedback. 
According to her, effective Web-based instruction also allows for self direction and 
autonomy as well as a flexible structure for accommodating individual differences. 
Section 2.4.3 discussed the research findings for learner characteristics in 
Web-based learning, based on thirteen research studies in the reviewed literature. 
Seven of the thirteen studies investigated gender differences, based on learners' 
attitudes, perceptions, and achievements in Web-based learning. Four studies found 
gender differences in Web-based learning. Four studies investigated the effect of 
age in learners' attitudes, perceptions, and achievements in Web-based learning. 
Only one study found that students' age was significant in the Web-based learning in 
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terms of students' perceived learning and satisfaction. Several situational 
characteristics were investigated in the research studies. However, only previous 
Web-based learning experience and prior knowledge were found significant in Web-
based learning. On the other hand, Mason and Weller (2000) pointed out factors 
which most affect students' satisfaction as instructor support, the amount of time 
devoted to study, and the extent to which the course content and presentation fit 
students' expectations and learning styles. Peer-to-peer interactions and social 
presence were also addressed as important elements in learning and satisfaction 
(Garrison & Randy, 2000). For learning styles, nine studies investigated the 
relationship between students' leaning styles and learner attitude, perception, and 
achievement in Web-based learning. Five studies found relationship as presented in 
2.3.4. 
5.3. SUMMARY OF THE FINDINGS 
This section summarizes the significant findings presented in Chapter 4. The 
summary includes the presentation of significant findings for descriptive data, 
including demographic and situational characteristics of participants and the results 
of inferential statistics. 
5.3.1. Summary of the Sample and the Instruments 
This section summarizes the findings from the descriptive analysis of the data 
obtained from the online survey. As described in section 3.4, the survey included 
three parts—Demographic and Situational characteristics, the Distance Learning 
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Environment Survey (DELES), and the Learning Style Inventory (LSI) with an 
additional open question to obtain students' comments on distance learning in the 
Web-based courses. 
5.3.1.1. Demographic and situational characteristics 
The sample population consisted of 279 students from five Web-based 
courses. Most participants were from Courses A and B (78%), which were 
introductory biology courses taught by the same instructor, on-campus (73%), 
female (61%), with one or more prior Web-based course experience (55%), and 
aged between 18 and 21 (59%). By college, Liberal Arts & Sciences students (32%) 
were the most frequent. Ninety-two percent of the students reported 3 or more study 
hours per week for course activities. Seventy percent of the students reported that 
studying science was acceptable or easy for them. 
5.3.1.1. Distance Learning Environment Survey (DELES) 
As described in 4.2.2.1, a factor analysis was conducted to determine if the 
structures existed in the measures of the DELES. A difference appeared with 
section Instructor Support in the original DELES scales (Appendix I). This section 
was divided into two components—instructor interaction and instructor feedback. 
Highlights from the descriptive analysis of the scales of the DELES questionnaire 
were as follows: 
• Students were highly positive about interaction of their instructors, while they 
were less positive about instructor feedback. 
• Students perceived themselves as engaged in little interaction and 
collaboration with their classmates. 
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• Students perceived the courses' content as related to their personal 
experiences. 
• Students perceived themselves as engaged in authentic learning experiences 
in the courses. 
• Students perceived themselves as engaged in active learning experiences in 
the courses. 
• Students perceived high learner autonomy in the courses. 
• Students enjoyed studying at distance but they were not willing to take all the 
classes at distance. 
Also a regression model indicated that 
• Instructor Interaction, Instructor Feedback, Personal Relevance, Authentic 
Learning, Active learning and Student Autonomy were correlated with 
distance learning satisfaction. 
• Only Instructor Feedback and Student Autonomy strongly predicted distance 
learning satisfaction. 
5.3.1.2. Learning Style Inventory (LSI) 
Analysis of descriptive data indicated that students preferred AC more than 
CE; and AE more than RO. The results for gender, age, and major were as follows: 
• Gender: Male students preferred AC more than female students. 
• Age: Older students preferred AC more than younger students. 
• Major: Students from Agriculture, Business, Engineering, Liberal Arts and 
Sciences, and Veterinary Medicine preferred AC more than CE, while 
students from Education were vise versa; students from Design had an equal 
preference. 
5.3.1.3. Students' comments 
An analysis of students' comments indicated that Autonomy, Content, 
Interaction, and Assessment were important for students' satisfaction with distance 
learning. Autonomy was the most emphasized theme, while Assessment was the 
least emphasized theme. Students' emphasized within autonomy, content, 
interaction, and assessment as follows: 
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• Autonomy emphasized students' ability for individual learning and flexible 
course design allowing students to go with their own pace and time, and 
convenient access to course materials at any time and any place. 
• Content emphasized structuring information, relevance to the students, and 
delivery of the instructional materials. 
• Interaction emphasized student interaction with classmates and instructors. 
Interaction with classmates was expressed as one important component of 
successful and satisfactory distance learning environments. 
• Assessment emphasized assignments and exams. Students emphasized the 
importance of the design of assignments. Group assignments appeared as 
one reason for dissatisfaction, since they perceived their grades were 
affected by others' performances. Deadlines and poorly written and unclear 
assignments were also reasons for dissatisfaction. Students commented that 
on-campus testing, workloads, and poorly written exams were sources of 
dissatisfaction and poor performance. 
5.3.2. Summary of Inferential Statistics 
This section summarizes the significant findings from the analysis of the data 
by inferential statistics presented in section 4.3.7 to answer the research questions. 
5.3.2.1. The relationship between students' demographic characteristics and their 
learning style preferences. 
As a result of a three-way factorial AN OVA presented in section 4.3, no 
significant differences were found among gender and age of students based on their 
learning style preferences. However, significant differences were found among 
students' majors: 
• Students majoring in Liberal Arts and Sciences preferred AC more than 
students of Agriculture, Design, Education, Family and Consumer Sciences. 
• Students majoring in Liberal Arts and Sciences preferred RO than students of 
Engineering. 
• Students majoring in Liberal Arts and Sciences preferred AE less than 
students of Design and Education. 
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A multinomial logistic regression also indicated that academic major was a 
significant predictor of learning style. 
• Liberal Arts & Sciences reduces the probability of being "Converger" and 
"Accommodator" versus being "Assimilator." 
• Family & Consumer Sciences increases the probability of being "Diverger" 
versus being "Assimilator." 
5.3.2.2. The relationships between students' demographics and situational 
characteristics, and their perceptions and satisfactions of distance learning. 
A factorial ANCOVA model estimated the effects of gender, age, and major 
on perception of distance learning and satisfaction by controlling enrollment status, 
previous on-line learning experiences, weekly study hours, and science perception 
in section 4.4. Significant findings were as follows: 
• Gender: Male students were more positive with instructor feedback and than 
females. 
• Age: Students aged over 21 were significantly more positive with instructor 
feedback, and personal relevance than were those aged 18-21. 
• Major: Family and Consumer Sciences students were significantly more 
positive with student interactions and collaborations, and instructor feedback 
than were Liberal Arts and Sciences' students. 
• Study hours per week: As students' study hours per week increase their 
perception of instructor interactions, student interactions and collaborations, 
personal relevance, authentic learning, active learning, and student autonomy 
increase. 
• Science perception: As students' science perceptions increase their 
perception of personal relevance, authentic and active learning student 
autonomy increase. 
5.3.2.3. The relationships between students' learning style preferences and their 
perceptions and satisfaction of distance learning. 
A Pearson correlation matrix presented in section 4.5 indicated that 
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• AC preference was positively correlated with the perception of authentic 
learning and active learning. 
• CE preference was negatively correlated with AE preference. 
5.3.2.4. Additional analysis: Differences among the courses 
A one-way ANOVA analysis was carried out to determine if differences 
among courses were significant factors for students' characteristics in section 4.6. 
The results were as follows: 
• Gender: Courses A and B had more female students than Courses C and E. 
• Age: Students of Courses 0 and E were older than Courses A, B, and C. 
• Major: 
o Although over half of the students came from Agriculture and Liberal 
Arts and Science, Course E didn't have any student from Agriculture 
and had only one from Liberal Arts and Sciences. 
o Courses had a few students from Engineering. However, Course A had 
25 students from Engineering. 
o Courses A and B were the only courses containing students from 
Business and Engineering. 
o Course D didn't have any students from Education, while Course E 
had only one student and Course A had two students. Most of the 
students of Course E came from Family and Consumer Sciences. 
• Web-based learning experience: Students from Course B were more 
experienced with Web-based learning than those from Course A. 
• Study hours per week: Students from Course E were studying more hours per 
week than those from Courses A and B. 
Another one-way ANOVA analysis was carried out in section 4.7 to determine if 
differences among courses were significant factors for students' perceptions of 
distance learning and satisfaction. The results are as follows: 
• Instructor Interaction: Students from Courses A and B perceived instructor 
interaction better than did those from Course C. 
• Instructor Feedback: Course E was perceived better than Courses A, B and 
C. Course D was also perceived better than Course A. 
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• Student Interaction and Collaboration: Courses D and E were perceived 
better than those from Courses A, B, and C. 
• Personal Relevance: Course B was perceived better than Course A. Course 
E was also perceived better than Courses A and C. 
5.4. DISCUSSION OF THE FINDINGS 
This section presents a discussion on the findings of this study. Findings 
included the results of statistical analysis of quantitative data and an analysis of 
qualitative data, which includes student comments and follow up emails. Discussions 
first present the findings of this study and connect them with the results of other 
studies and description of associated theories. 
5.4.1. The Relationship between Students' Demographic Characteristics and Their 
Learning Style Preferences 
First, the relationship between students' demographic characteristics and 
their learning style preferences, where results indicated that male students preferred 
AC more than female students and older students (over 21) preferred AC more than 
younger students (18-21 ). These results are consistent with the results of Kolb 
(2005). However, Willcoxson and Prosser (1996) pointed these results need to be 
interpreted carefully, since educational specialization and career choices often 
interact with gender differences, making it difficult to sort out how much variance in 
LSI scores can be attributed to gender alone and how much is a function of one's 
educational background and career. Furthermore, Mebmer and Schmitz's (2004) 
findings, concerning the relationship between learning styles and gender, present no 
definite results. 
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A three-way factorial ANOVA model was calculated by gender, age, and 
academic major. These results showed that gender and age were not statistically 
significant in terms of their learning style preferences, when academic major was 
controlled. Therefore, this study further analyzed the relationship between students' 
college of academic major and their learning style preferences. As a result of post 
hoc comparisons, students from Agriculture, Business, Engineering, Liberal Arts and 
Sciences, and Veterinary Medicine preferred AC more than CE, while students from 
Education preferred CE over AC. These results are consistent with the results from 
Kolb (2005) for Business and Engineering. However, it is contradictory for the other 
colleges. For knowledge transfer, students from Agriculture, Business, Design, 
Education, Engineering, Family and Consumer Sciences, and Veterinary Medicine 
preferred AE more than RO. The contradiction might be result of differences among 
institutions in terms of the structure of colleges. Therefore, a further analysis using 
academic disciplines rather than colleges may be useful to appropriately address 
these results with the results of Kolb. 
A further analysis was used to understand the predictive ability of 
demographic variables to decide on how the results of previous analysis were 
significant. Therefore, a regression model was calculated to determine which 
demographic characteristics (gender, age, and academic major) were best 
predictors of learning style. The results indicated that academic major was a 
significant predictor of learning style. A student from Liberal Arts and Sciences 
reduced the probability of being a converger and accommodator versus being an 
assimilator, while a student from Family and Consumer Sciences increased the 
probability of being a diverger versus being an assimilator. 
Figure 5.1 shows that students' distributions in assimilator learning style much 
more than in converger and accommodator for Liberal Arts and Sciences. On the 
other hand, Figure 5.2 shows that students' distribution in the assimilator learning 
style is much less than in diverger and accommodator for Family and Consumer 
Sciences. 
Figure 5.1 Learning style distributions of students from a. Liberal Arts and Sciences (N=90) 
b. Family and Consumer science (N=30) 
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Consequently, the results indicate that although there were mean differences 
among genders and ages, these differences were not significant when academic 
major was taken into account. Students of Liberal Arts and Sciences tend to be 
assimilating, where AC and RO were preferred. This result is consistent with Kolb 
(2005), who asserts that assimilators are likely to have education in science and 
information. 
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5.4.2. The Relationship between Students' Demographic and Situational 
Characteristics, and Their Perception and Satisfaction with Distance Learning 
This section presents a discussion on students' gender, age, college of 
academic major, study hours for Web-based course activities and assignments, and 
students' perceptions of science, based on students' perception and satisfaction with 
distance learning. 
5.4.2.1. Gender 
This section presents a discussion on gender differences, based on distance 
learning perceptions and satisfaction. Perception includes instructor interaction, 
instructor feedback, student interaction and collaboration, personal relevance, 
authentic learning active learning, and student autonomy. 
As presented in section 4.2.2, female students were significantly less positive 
about instructor feedback than males. However, there was a contradictory finding in 
relation to gender. Courses D and E had the most frequent female participation, 
although instructor feedback in these courses perceived best. Two possible 
explanations are proposed for this contradiction. One is that differences between 
courses based on instructor feedback were so large that differences between 
genders were lost. The second explanation is that female only groups are more 
satisfactory for female students. Savicki et al. (1996) investigated group gender 
composition and the relationship between gender roles and group process functions 
on online environments and found that women in female only groups were more 
satisfied with the group process and had more advanced levels of group 
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development than did either male only or evenly mixed groups. Sussman and Tyson 
(2003) investigated communication patterns of females and males in a discussion 
group and found that females communicate more frequently than males. Anderson 
(1997) also found that female students have more preference for face-to-face 
communication. This discussion suggests that further research is needed to 
understand gender differences. 
The difference with gender is likely to be specific to the United States 
population because gender differences differ among cultures. For example, in 
Turkey, according to numbers from UNICEF, gender differences in literacy (80.6% 
for women as opposed to 93.9% for men according to the 2000 census) and current 
school enrollment rates (91.8% for girls and 100% for boys at the primary level) 
show inequality in access to education. This also has implications in distance 
learning: 
"Girls especially are under meticulous surveillance by teachers who frequently 
add further limitations on loudness of speech, manners, etc. Consequently, 
girls tend to refrain from asking questions or contributing to discussions and 
decisions in order to minimize the risk of attracting attention" (UNICEF, 2003). 
Based on the description of the Transactional Distance Theory and 
instructional design principles of Web-based courses by Williams (2003) presented 
in sections 2.3.2 and 2.3.3.2, course instructors can use a variety of feedback 
methodologies and opportunities for their students such as self tests, peer 
evaluations, and, if possible, blended approaches for face-to-face interactions and 
feedback to support their students. All these actions are likely to be valuable for 
female students and male students may find them supportive too. 
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5.4.2.2. Age 
This section presents a discussion on age differences, based on distance 
learning perceptions and satisfaction. Perceptions include instructor interactions, 
instructor feedback, student interactions and collaborations, personal relevance, 
authentic learning active learning, and student autonomy. 
As presented in section 4.2.2, this study found that older students (over 21) 
were significantly more positive with instructor feedback and personal relevance 
than were younger students (18-21). This result agrees with Frederickson, Pelz, and 
Swan (2000), who found age significant in Web-based learning. Their results 
indicated that the youngest students (16-26) perceived the least learning and 
satisfaction, while the oldest students (36-45) perceived the most learning and 
satisfaction. 
Consequently, course instructors should consider age characteristics of their 
courses and accommodate learning preferences for them. As presented in section 
2.4.5, Weiten (1989) asserts that during adolescence (12-20) thought becomes 
more abstract and reflective, and deductive reasoning improves. During young 
adulthood (20-40) greater emphasis goes on an application, rather than acquisition 
of knowledge and a trend toward dialectical thought. Therefore, application 
exercises that allow more abstraction and reflection can be helpful for older 
students, while exercises that allow more practice and interaction can be helpful for 
younger learners. 
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5.4.2.3. College of academic major 
This section presents a discussion on academic discipline differences, based 
on distance learning perceptions and satisfaction. Perceptions include instructor 
interactions, instructor feedback, student interactions and collaborations, personal 
relevance, authentic learning active learning, and student autonomy. 
Family and Consumer Sciences' students were significantly more positive 
with student interactions and collaborations, and instructor feedback than were 
Liberal Arts and Sciences' students. However, students majoring in Family and 
Consumer Sciences were only participating in Course E, which had a very small 
student population (section 3.6). Therefore, the differences between majors were 
overshadowed by the differences between the courses. Also, the small class size of 
Course E allowed students and instructors to communicate more frequently. 
5.4.2.4. Situational characteristics 
This section presents a discussion on situational characteristics, based on 
distance learning perceptions and satisfaction. As presented in section 2.4.3.4, 
situational characteristics varied in the literature. In this study, situational 
characteristics consist of study hours per week, and students' perceptions of the 
difficulty of studying science. Distance learning perceptions include instructor 
interactions, instructor feedback, student interactions and collaborations, personal 
relevance, authentic learning active learning, and student autonomy. 
This study found that study hours per week and students' science perceptions 
were significant situational characteristics in Web-based learning. As students' study 
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hours per week and science perceptions increase, their perceptions of instructor 
interactions, student interactions and collaborations, personal relevance, authentic 
learning, active learning, and student autonomy increase. Research studies 
presented in section 2.4.3.4 found that previous Web-based learning experiences 
and prior knowledge were significant in Web-based learning (Alomyan & Au, 2004; 
Koogan & Durante, 2003; Oh & Lim, 2005; Hart, 1995). Mason and Weller (2000) 
also pointed out factors which most affect students' satisfaction—instructor support, 
the amount of time devoted to study, the extent to which the course content and 
presentation fit students' expectations, and learning styles. 
This research suggests that instructors will improve students' time spent for 
their courses by including collaborative real life activities. For example, Course E 
included a collaborative real life activity during the course term and students of this 
course reported significantly more study hours than other courses. Lynch (2002) 
reported that an online education graduate program at Florida University requires 
that most homework assignments be applied in the real world. "In the doctoral 
research class, instead of working statistical problems with case studies or common 
book examples, students are required to actually administer a survey in their work 
environment, gather and analyze the data, and write reports as their culminating 
assignment" (p. 126). If a real life application is not possible, courses may include 
collaborative simulation experiments. As discussed earlier in section 2.4.5, there are 
computer simulations that allow student collaborations such as "Exploring the 
Nardoo." 
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Because students' perceptions of the content area, namely science, was 
significantly related to their perception of distance learning in the Web-based course, 
instructors may wish to create extra course resources and instructional tools for 
students who perceive the subject is more difficult. As discussed in section 2.4.5, 
interactive graphs and models, spreadsheets, and simulations can be used to help 
students interact with the content in a more motivating way. 
5.4.3. The Relationship between Students' Learning Style Preferences and Their 
Perceptions and Satisfaction of Distance Learning 
This section presents a discussion on Kolb's learning style preferences in 
relation to distance learning perception and satisfaction. Distance learning 
perceptions include instructor interactions, instructor feedback, student interactions 
and collaborations, personal relevance, authentic learning active learning, and 
student autonomy. 
This study found that students' preference of AC positively correlated with the 
perceptions of authentic learning and active learning. CE preference negatively 
correlated with active learning. Why did AC learners perceive the Web-based 
courses more authentic than the other learners? According to Experiential Learning 
Theory (Kolb, 1976), AC learners tend to be oriented more towards things and 
symbols, and less towards other people. They learn best in impersonal learning 
situations and use abstract analysis (Kolb, 1976). Since the participating courses 
included individual learning activities more than collaborative activities (section 3.6), 
this design might appear more authentic for AC learners. On the other hand, 
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according to Kolb (1976), CE learners tend to be empathetic and people-oriented. 
They generally find theoretical approaches to be unhelpful and prefer to treat each 
situation as a unique case. They learn best from specific examples in which they can 
become involved. Only Course E included real world activities for students to 
become involved. Therefore, the other courses may experience a lack of authenticity 
for CE learners. Also, individuals who prefer CE tend to be oriented more towards 
peers and less towards authority in their approach to learning. These individuals 
benefit most from feedback and discussion with peers. Therefore, these learners 
might benefit from more collaborative activities and feedback from the instructor and 
peers in order to perceive Web-based courses as authentic. This study contradicts 
the study by Sabry and Baldwin (2003). They found no relationship between learning 
styles and students' perceptions in Web-based courses. Federico (2000) 
investigated learner characteristics and found that assimilating and accommodating 
learning styles were more positive toward Web-based learning. His findings are also 
puzzling and his research does not unravel why the finding that both assimilating 
and accommodating (on opposite sides of the learning cycle) were both positive. 
As a result of this study, Web-based courses appear more appropriate for AC 
learners in terms of the perception of authentic and active learning. However, if 
Web-based courses include more collaborative and real life activities, they can 
better accommodate learners with the preference of CE and AE. As discussed 
earlier in section 2.4.5, collaborative computer simulations can be supportive for 
these types of students. 
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5.4.4. Students' Comments 
This section presents a discussion of students' comments on distance 
learning in Web-based courses. The analysis of students' comments indicates that 
Autonomy, Content, Interaction, and Assessment are important for students' 
satisfaction with distance learning. Autonomy is the most emphasized theme, while 
Assessment is the least. 
5.4.4.1. Autonomy 
As described in section 4.2.4.1, students emphasized individual learning, 
flexible course design allowing students to go at their own paces and time, and 
convenient access to course materials at any time and any place. According to 
them, student autonomy meant that students worked in their own way, controlled 
their learning, and made decisions on their own. They worked during times 
convenient for them. Although most of the comments reported enjoyment with 
individual learning, some students criticized this, since they were challenged with 
studying alone. Therefore, they preferred a balance between instructor control and 
student autonomy. A blended approach to course design can be beneficial to 
support students, especially those who prefer face-to-face interaction. 
Moore (1974), in his theory of transactional distance as discussed in section 
2.3.2, proposed that student autonomy is one of three aspects of distance learning— 
dialogue, structure, and student autonomy. Transactional distance can be adjusted 
by using these three aspects. According to theory, the greater the structure and the 
lower the dialogue in a distance course, the more autonomy the learner has so the 
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more transactional the distance. Therefore, the structure of a distance course and 
the dialogue might be used to adjust student autonomy, based on their 
characteristics. 
5.4.4.2. Content 
As described in section 4.2.4.2, students commented on structuring content, 
relevance, and delivery of instructional materials. Students reported a positive 
perception on segmenting and organization of the units and pace of lectures. 
However, some students reported that sometimes lectures tend to get a bit long. 
Some students also reported they were not sure what they studied, since the 
materials were so broad. Therefore, a study guide might be useful for each activity 
and assignment. Some students also reported that the workload of Web-based 
courses was more than the traditional workload, so they were overwhelmed with the 
amount of work required. 
Consequently, uniting and organizing the content, pacing lectures, and 
adjusting workload are important. Alternative delivery modes such as text-based 
alternatives or CD ROM are helpful in Web-based learning. Therefore, course 
instructors can adjust the structure, based on students' characteristics. For 
example, as presented in section 2.4.5, a lower structured course, consisting of 
open-ended activities such as real life assignments, requires increased dialogue so 
that it can be supportive for students who prefer collaboration, while a higher 
structured course consisting of individual learning activities such as texts and 
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lectures allows decreased dialogue so that it can be supportive for students who 
prefer individual learning. 
5.4.4.3. Interaction 
As described in section 4.2.4.3, students emphasized the importance of 
interaction with classmates and the instructor. Interaction among classmates is 
expressed as one important component of successful and satisfactory distance 
learning environments. Peer interactions make students feel more secure and more 
social; otherwise, with a lack of interaction, some felt themselves outside the loop. 
Instructor feedback is important also for students' satisfaction and the lack of face-
to-face interaction with the instructor is one of the causes of poor performance. 
Consequently, as mentioned earlier when discussing autonomy and content, 
student interactions may be adjusted, based on students' characteristics. For 
example, greater interactions might be useful for those who have lower autonomy. 
This requires a lower course structure (Moore, 1974). 
5.4.4.4. Assessment 
As described in section 4.2.4.3, for some students, group assignments 
appeared as one reason for dissatisfaction, since students perceived their grades 
were affected by others' performances. Inflexible deadlines, unclear assignments, 
workload, poorly written exams and on-campus testing were sources of 
dissatisfaction and poor performance. Therefore, course instructors and designers 
might want to use study guides to help students to clarify what to study and how. 
They may also use rubrics to help students understand the assessment process. As 
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described in section 3.6 and summarized in Table 3.4, participating courses lack the 
provision of alternative assessment opportunities and methodologies. As indicated 
by Williams (2003), alternative assessment activities would be helpful to make the 
assessment supportive for different students' characteristics, such as real life 
projects for AE learners and reflective journals for RO learners. For group 
assignments, instructors may use peer evaluations to make grading, based on 
individual performances. Lynch (2002) describes various types of assessment 
activities for online learning, based on learning outcomes defined by Bloom's 
taxonomy including knowledge, comprehension, application, analysis and synthesis. 
Some examples are creating databases, writing reports, constructing models, 
building concept map, debates, and position papers. 
5.5. CONCLUSIONS 
This section presents conclusions so that the reader can see the author's 
deductions from the findings of this study. Each of the following paragraphs presents 
the author's conclusions on one of the questions investigated in this study. 
For the relationships between demographic characteristics and learning styles 
it is concluded that although there are differences among genders and ages, these 
differences are not significant when academic major is taken into account. Academic 
major is a significant student characteristic that influences learning style preference. 
However, what academic major relates to what learning styles remains unclear, 
since the findings of this study are partially consistent with the findings of Kolb 
(2005) as discussed in section 5.4.1. Therefore further research studies are needed 
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to understand the effect of academic major on the preference of learning style. 
Random sampling in a broader context would be suitable for this purpose, since it 
allows the results to be free from confounding variables. 
For the relationship between demographic and situational characteristics, and 
students' perceptions of distance learning and satisfaction, gender was found to be a 
significant characteristic in terms of the perception of instructor feedback. This might 
be because of differences between gender communication patterns. Sussman and 
Tyson (2003) found that females communicate more frequently than males. 
According to the findings for age, older students perceive instructor feedback better 
than the younger students. Also, older students perceived more personal relevance 
than the younger students. However, differences among courses may be a cause for 
these results, since a relationship was found between students' age and the course 
level and class size. Higher level courses were smaller in size and students had 
more prior knowledge about the content. Therefore, smaller size courses allowed 
students and instructors to interact better. Students of higher level courses also had 
more prior knowledge. It is assumed that students will benefit from a variety of 
opportunities such as self tests, peer evaluation, and, if possible, face-to-face 
interaction and feedback to support their students (Williams, 2003). All of these 
actions will be supportive for female students as well as male students. A further 
research study such as a discourse analysis investigating the postings of students in 
Web-based courses would be helpful to understand where and how differences 
occur between genders in terms of interaction and feedback. In addition, students 
who are more positive with studying science or study more hours are also more 
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positive with instructor interactions, student interactions and collaborations, personal 
relevance, authentic learning, active learning, and student autonomy. As discussed 
earlier in section 5.4.2.4, challenging collaborative real life activities would be a 
beneficial motivation to devote more time for their courses. Computer simulations 
can also be appropriate to help students to understand course content. 
For the relationship between learning style preferences and perceptions of 
distance learning and satisfaction, Web-based courses seem more appropriate to 
AC learners in terms of the perception of authentic learning and active learning, and 
less appropriate for CE learners. Therefore, distance courses are recommended to 
include more collaborative and real world activities for CE learners. Interactive 
learning materials such as simulations would also be useful for CE learners in 
distance education (Kolb, 1999). In addition, when Web-based courses include more 
collaborative and real world activities, they are likely to accommodate those who 
prefer CE. As discussed earlier in section 2.4.5, computer simulations can also be 
supportive for students who prefer CE and AE. Therefore, Web-based courses are 
recommended to also use interactive learning materials such as simulations (Kolb, 
1999). 
For students' comments and follow-up emails, a balance between instructor 
direction and student autonomy appears to be important for satisfactory learning 
experiences on the Web. A flexible and comprehensive adjustable design of course 
content and structure would be appropriate to satisfy students with different 
characteristics because courses will have students with a variety of characteristics. 
Student interactions and collaborations with classmates are also important for a 
better performance and satisfaction, as well as interaction and feedback from the 
instructor. On-campus testing, workload, and unclear exams or assignments is likely 
to cause student to become dissatisfied. Therefore, Web-based course instructors 
are recommended to increase interaction by including collaborative activities and 
use alternative assessment methodologies (e.g., peer evaluation, self tests, and 
reflective journals). 
In summary, learner characteristics are significantly related to learners' 
perceptions of distance learning in Web-based courses. Student autonomy, course 
structure, interaction, and assessment are important to improve distance learning 
experiences. These results are consistent with the assumptions of Moore (1974) 
(see section 2.3.2) and Williams (2003) (section 2.3.3.2). According to Williams 
(2002), effective Web-based instruction provides relevant and authentic learning 
experiences with a variety of opportunities for interaction and feedback, and allows 
for self direction and autonomy, as well as a flexible structure to accommodate 
individual differences. According to Moore (1974), there is an interrelation among 
learners' autonomy, interaction, and structure. As structure increases, dialogue 
decreases so that more student autonomy is required. As a result, course designers 
and instructors can adjust these components of distance learning by looking at 
student characteristics. A final note about the results of this study is to be careful 
when interpreting them in other contexts, since the effect sizes and R-squares 
obtained from the factorial analysis of variances are small. There may be other 
variables affecting students' perceptions and satisfaction with distance learning, 
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such as prior knowledge and motivation as indicated by the literature reviewed in 
Chapter 2. 
5.6. RECOMMENDATIONS 
This section provides recommendations for course instructors to create Web-
based courses to accommodate different learner characteristics. Methodological 
recommendations are also provided for future research, including replication of this 
study. 
5.6.1. Recommendations for Instructors 
First, it is important to clarify that the purpose of identifying students' 
characteristics is not to separate students and treat them differently. Rather, it would 
be preferred that Web-based courses include various instructional activities to 
support students' different characteristics. The knowledge of students' learning 
styles help instructors to know strengths and weakness of students, and develop 
learning materials to accommodate them. According to Santos (2004), three basic 
approaches to learning styles and instruction exist. The first approach is to identify a 
person's individual learning style and then adapt instruction toward that person's 
strengths and preferences. The second approach is to identify a person's preferred 
style and then give instruction aimed toward the opposite preference to strengthen 
that student's weaknesses. The third approach does not attempt to identify an 
individual's style, but rather use different instructional methods and media in the 
overall course design. This third approach represents an attempt to reach all 
learners and assumes that every student will find aspects of the course that appeal 
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to him or her. This study takes a similar position with the third approach. Therefore, it 
is recommended that course instructors recognize learning styles of their students 
and design and develop courses by including a variety of instructional activities and 
tools to address all learning styles. 
Based the understanding of Transactional Distance Theory presented in 
section 2.3.2, a distance course with a smaller student population can decrease 
structure, and encourage students to have more collaboration. If the distance course 
has a larger population, a higher structure may be necessary to reduce demands on 
the instructor. The higher structure support students to study individually. However, 
CE and AE learners will be disadvantaged, since they prefer collaboration. 
Therefore, this design is recommended to include collaborative Web-based activities 
such as collaborative computer simulations as presented in section 2.4.5. 
Instructor feedback is one of the important aspects of satisfactory distance 
learning experience in Web-based courses. This study found that female students 
are less satisfied with instructor feedback than males. Based on an understanding of 
instructional design principles of Web-based courses (Williams, 2003) presented in 
section 2.3.3.2, course instructors are recommended to use a variety of feedback 
methodologies and opportunities for their students such as self tests, peer 
evaluation, and, if possible, blended approaches for face-to-face interactions and 
feedback to support their students (Lynch, 2002). This will be supportive for female 
students and male students may find them supportive too. 
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This study found that the preference of CE negatively correlated with the 
perception of active learning. Based on the description of Kolb's (1984) learning 
style inventory, real life experiments or computer-simulated experiments can support 
CE learners and AE learners. Therefore, course instructors are recommended to 
include computer simulations for students who prefer CE or AE. Other computer 
applications can also be helpful for students. These include information search tools, 
semantic organization tools such as concept maps, dynamic modeling tools such as 
spreadsheets, expert systems, simulations, and visualization tools such as 
interactive graphs by using spreadsheets, animations, videos based on real life 
situations (Jonassen, 2000). For example, spreadsheets can be used to create 
calculation tables and associated graphs as illustrated in section 2.4.5 with an 
example on genetic drift in populations under various conditions. 
This study found that students who reported more study hours also reported a 
better perception of distance learning. Therefore, instructors are recommended to 
encourage their students to spend more hours for their courses by using challenging 
tasks such as real life projects. Course E was the only course that included a 
collaborative real life activity as a final course project and students from this course 
reported significantly more study hours than those students from the other courses. 
However, if a real life activity is not possible for any reason, the course may include 
computer applications such as simulations. For example, constructive simulations 
provide learners with a contextual environment in which they take a place and play 
roles. As presented in section 2.4.5, "Exploring the Nardoo" and "Bioworld" 
simulations are examples of this type of simulations. "Exploring the Nardoo" enables 
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students' exploration of the dynamics of a river, and "BioWorld" enables students' 
examination of body structure and systems. Both simulations allow interactivity and 
collaboration. 
This study found that students who reported that studying content area, 
namely science in this study, as difficult had lower perceptions of distance learning. 
Therefore, course instructors are recommended to provide extra learning materials 
to support these students. These could include computer applications such as 
information search tools, semantic organization tools; dynamic modeling tools, 
expert systems, and simulations. 
This study found that older students better perceived instructor feedback and 
personal relevance. Therefore, course instructors should consider students' age 
characteristics in their courses and accommodate learning preferences for them. For 
example, application exercises that allow more abstraction and reflection can be 
helpful for older students, while exercises that allow more practice and collaboration 
can be helpful for younger learners. As mentioned earlier in section 2.4.5, computer 
simulations can also be used for both purposes. They can be highly structured to 
support practice and individual study or low structured that support reflection and 
collaboration. High structured simulations direct users to a line of tasks to teach 
basic facts and procedures, while low structured simulations allow users to create 
their own ways of learning and discussion of them to construct a shared knowledge. 
Finally, it is recommended that course activities be designed to address a 
range of learning styles with instructional activities. For example, a course can 
include a collaborative activity that suits CE preference, and include individual 
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assignments in the activity to accommodate AC learners; plus include experiments 
that suit AE preference, and include reflective assignments in the experiment to 
accommodate RO learners. This is strongly recommended for courses with large 
numbers of students. 
5.6.2. Recommendations for Future Research 
There are also recommendations for future research from this study. 
Recommendations will address the reservations of this study so that future research 
can accommodate them. 
This study used a convenience sampling to collect data that resulted in under 
representation of sub populations. Therefore, it is recommended that further 
research replicate this study using random sampling. Alternatively, a more limited 
study may avoid confounding variables by selecting similar courses, such as using 
only large introductory biology courses. 
This study uncovered the relationship between learner characteristics and 
learner perception of distance learning. However, a further descriptive data on the 
phenomena was limited to learner comments. It is recommended that further 
research replicate this study by using both quantitative and qualitative methods to 
have a comprehensive understanding of the results limited to a single course. 
The results showed that learner characteristics investigated in this study 
showed a low predictive ability on students' perceptions and satisfaction. Therefore, 
it is recommended that further research include other student characteristics that 
might relate more to students' satisfaction, such as prior knowledge and motivation. 
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Use of multivariate techniques is recommended for comprehensive 
understanding of students' characteristics as they relate to each other. This study 
found mean differences between genders and ages. However, when academic 
major was taken into the statistical model, these differences were found to be 
statistically insignificant. 
Finally, the effect sizes of the results were low in general. Two possible 
explanations are offered by the author. Firstly, students' characteristics examined in 
this study have small effects on students' perception and satisfaction of distance 
learning in the Web-based courses. Therefore future research is recommended to 
use additional students' characteristics addressed by the literature such as prior 
knowledge and motivation. Secondly, data collection instruments and procedures 
may be weak in measuring students' perceptions and satisfaction of distance 
learning as they relate to students characteristics. Therefore future research is 
recommended to use an improved design for the survey instrument. For example 
future instrument may include a "Not Applicable" option for the scales of the DELES, 
as recommended by a participant of the survey. In addition, since the effect size is 
the major piece of data entered into meta-analysis studies (Raulin & Graziano, 2004) 
future research is recommended to keep reporting effect sizes so that a 
comprehensive understanding of the results of the investigations will be possible. 
In summary, as stated in the introduction, distance education, particularly 
Web-based learning, has been a rapidly growing area of education and training 
throughout the world (Gunawardena & Mclsaac, 2004). The knowledge of learner 
characteristics and their relationship to students' perceptions and satisfaction in 
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Web-based courses is important to inform design of satisfactory courses. Therefore, 
the findings of this study may be valuable to improve student satisfaction in Web-
based courses. This study indicated that students' gender, age, academic discipline 
of study, learning style preferences as defined in the LSI by Kolb (1984), study hours 
per week, and perception of subject area are significant characteristics in the areas 
of the perception of distance learning as defined by the DELES (Walker, 2003). 
Students' comments also indicated that structure of the courses content, autonomy, 
interaction, and assessment are also important aspects of distance learning in their 
satisfaction. Further research has also been recommended. 
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APPENDIX B. THE LSI RESEARCH APPROVAL 
From: Michelle_Curran@haygroup.com 
To: ssahin@iastate.edu 
Subject: LSI Research Approval 
Date: Mon, 12 Jul 2004 12:24:57 -0400 
Hi Sami, 
Thank you for your interest in the Learning Style Inventory (LSI). In cooperation with 
David A. Kolb you have been approved to do research using the LSI, in return for a 
copy of your findings. 
Attached you will find two documents (.pdf files-Adobe Acrobat 4.05): 
* LSI test.pdf - This is a copy of the LSI test. You may print or copy this document 
as needed for your research. 
* LSI profile.pdf - The profile sheet contains the answer key for the test as well as 
the profiling graphs for plotting scores. This document may also be reproduced as 
necessary for your research. The AC-CE score on the Learning Style Type Grid is 
obtained by subtracting the CE score from the AC score. Similarly, the AE-RO score 
= AE minus RO. 
We look forward to hearing about your results. Please email a copy of your research 
paper or publication when completed to michelle_curran@haygroup.com or you can 
mail it to the following address: 
LSI Research Contracts 
c/o Michelle Curran 
HayGroup 
116 Huntington Avenue, 4th floor 
Boston, MA 02116 
Your research contribution is greatly appreciated. 
If you have any further questions, please let me know. 
Regards, 
Michelle Curran 
Hay Resources Direct 
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APPENDIX C. THE DELES RESEARCH APPROVAL 
From: "Scott L. Walker" <walks@txstate.edu> 
To: ssahin@iastate.edu 
Subject: Re: [Fwd: DELES] 
Date: Wed, 27 Oct 2004 16:25:05 -0500 
Sami, 
The DELES is available for viewing here: http://insiqht.southcentralrtec.org/. 
INSIGHT might even set you up with access to your own DELES hosted by them 
(the easiest way to do this). 
With this message you have my permission to copy the DELES and use it for one­
time dissertation research purposes only, provided you send me an electronic copy 
of your dissertation (or link to it) when you are finished. 
If you have any questions about using the DELES or about its previous use or 
validation, please let me know. 
Regards, 
Scott Walker 
Asst. Professor of Geography 
Assoc. Director - Grosvenor Center for Geoq. Ed. 
Assoc. Director - Center for Texas-Mexico Applied Research 
http://uweb.txstate.edu/~sw36/1 (512) 245-1724 
Department of Geography 
Texas State University-San Marcos 
San Marcos, Texas 
APPENDIX 0. HUMAN SUBJECTS APPROVAL 
Iowa State University Institutional Review Board 
Office of Research Compliance 
Vice Provost for Research 
2810 Beardshear Hall 
Ames, Iowa 50011-2036 
515 294-4566 
FAX 515 294-7288 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
DATE: February 16, 2005 
TO: Sami Sahin 
FROM: Ginriy Austin Eason, IRB Administrator 
RE: IRB ID # 05-064 
STUDY REVIEW DATE: February 16, 2005 
The Institutional Review Board has reviewed the project, "The Relationship Between 
Students' Learning Styles and their Perception of Distance Learning in Web-Based 
Courses" requirements of the human subject protections regulations as described in 45 
CFR 46.101(b) 2. The applicable exemption category is provided below for your 
information. Please note that you must submit all research involving human participants for 
review by the IRB. Only the IRB may make the determination of exemption, even if you 
conduct a study in the future that is exactly like this study. 
The IRB determination of exemption means that this project does not need to meet the 
requirements from the Department of Health and Human Service (DHHS) regulations for 
the protection of human subjects, unless required by the IRB. We do, however, urge you to 
protect the rights of your participants in the same ways that you would if your project was 
required to follow the regulations. This includes providing relevant information about the 
research to the participants. 
Because your project is exempt, you do not need to submit an application for continuing 
review. However, you must carry out the research as proposed in the IRB application, 
including obtaining and documenting (signed) informed consent if you have stated in your 
application that you will do so or required by the IRB. 
Any modification of this research must be submitted to the IRB on a Continuation and/or 
Modification form; prior to making any changes, to determine if the project still meets the 
Federal criteria for exemption. If it is determined that exemption is no longer warranted, 
then an IRB proposal will need to be submitted and approved before proceeding with data 
collection. 
cc: C&l 
Nicola Davis 
ORC 04-21-04 
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APPENDIX E. THE INFORMED CONSENT FORM 
Title of Study: Perception of Distance Learning In Web-based Courses and Learning 
Styles 
Principal Investigator: Sami Sahin, PhD. Candidate, Curriculum and Instruction; 
Email: ssahin@iastate.edu: Phone: (515) 572-4283 
Supervising Faculty Member: Dr. Niki Davis, Prof., Curriculum and Instruction; email: 
nedavis@iastate.edu. Phone: (515) 294-5596 
This is a research study. Please take your time in deciding if you would like to 
participate. Please feel free to ask questions at any time. 
INTRODUCTION 
The purpose of this study is to investigate the relation between students' learning 
styles and their perception of distance learning in Web-based courses at Iowa State 
University. You are being invited to participate in this study because you engage in a 
Web-based class in spring 2005 semester. 
DESCRIPTION OF PROCEDURES 
You fill out the survey at http://www.public.iastate.edu/~ssahin/survev.htm and 
submit it. You will be interviewed if you volunteer for a half hour interview about your 
experiences in the Web-based course. 
RISKS 
There are no foreseeable risks at this time from participating in this study. 
BENEFITS 
If you decide to participate in this study, by completing the Learning-Style Inventory 
(LSI) inventory you will be able to learn your preferred learning style that helps you 
to manage your learning activities at distance and the classroom. By completing the 
Distance Education Learning Environment Survey (DELES) survey you will be able 
to assess your distance learning experience. It is hoped that the information gained 
in this study will benefit society by informing instructors and designers of Web-based 
courses at Iowa State University so that they design and develop quality and 
satisfactory distance learning experiences for you. 
COSTS AND COMPENSATION 
You will not have any costs from participating in this study. 
PARTICIPANT RIGHTS 
Your participation in this study is completely voluntary and you may refuse to 
participate or leave the study at any time. If you decide to not participate in the 
study or leave the study early, it will not result in any penalty or loss of benefits to 
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which you are otherwise entitled. Since the Survey and the Learning Style Inventory 
is based on adult learning theories your participation will be terminated if you are 
under age of 18. 
CONFIDENTIALITY 
Records identifying participants will be kept confidential to the extent permitted by 
applicable laws and regulations and will not be made publicly available. However, 
federal government regulatory agencies and the Institutional Review Board (a 
committee that reviews and approves human subject research studies) may inspect 
and/or copy your records for quality assurance and data analysis. These records 
may contain private information. If the results are published, your identity will remain 
confidential. 
QUESTIONS OR PROBLEMS 
You are encouraged to ask questions at any time during this study. For further 
information about the study contact Principal Investigator, Sami Sahin, PhD. 
Candidate, Curriculum and Instruction; email: ssahin@iastate.edu; phone: (515) 
572-4283 or Major Professor, Dr. Niki Davis, Prof., Curriculum and Instruction; email: 
nedavis@iastate.edu; phone: (515) 294-5596 
If you have any questions about the rights of research subjects or research-related 
injury, please contact Ginny Austin Eason, IRB Administrator, (515) 294-4566, 
austingr@iastate.edu, or Diane Ament, Research Compliance Officer (515) 294-
3115, dament@iastate.edu. 
SUBJECT SIGNATURE 
By submitting the survey you indicate that you voluntarily agree to participate in this 
study, that the study has been explained to you, that you have been given the time 
to read the document and that your questions have been satisfactorily answered. 
INVESTIGATOR STATEMENT 
I certify that the participant has been given adequate time to read and learn about 
the study and all of their questions have been answered. It is my opinion that the 
participant understands the purpose, risks, benefits and the procedures that will be 
followed in this study and has voluntarily agreed to participate. 
Sincerely,Sami Sahin, Ph.D. Candidate Curriculum and Instruction, Iowa State 
University N013 Lagomarcino Hall, Ames, IA 50011, 
Phone: (515) 572-4283; Email: ssahin@iastate.edu 
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APPENDIX G. COVER LETTER 
Dear Prof. 
I am a PhD candidate in the Department of Curriculum and Instructional Technology, 
Education College, Iowa State University. My major professor is 
Dr. Niki Davis, Director of ISU Center for Technology in Learning and Teaching. Dr. 
Bill Tysseling, Director of the Continuing Education and Communication Services of 
Iowa State University, also supports this research. 
This research provides you with an opportunity for feedback on the ISU course 
(s) that you teach on the web. I am investigating the relation between students' 
learning styles and their perception of distance learning in web- based courses at 
Iowa State University. 
My dissertation research will survey students once anonymously about Web-based 
learning at ISU in spring 2005. Individual student and instructor data will be kept 
confidential. I plan to provide each selected instructor with a report of the research 
findings consisting of summary statistics on: 
1. Web-based learners' learning style preferences (identified by Learning Style 
Inventory (LSI) developed by Kolb, 1976, 1984, 1999) 
2. Web-based learners' perceptions of distance learning (including Instructional 
Support, Student Interaction and Collaboration, Authentic Learning, Personal 
Relevance, Active Learning, Student Autonomy, Satisfaction, measured by 
Distance Education Learning Environments Survey (DELES) developed by 
Walker, (2003). 
3. Web-based learners' characteristics (e.g., gender, age, academic major, 
grade level), 
In addition to the survey, I plan to interview selected instructors of the four courses 
that will be selected about the instructional design of the courses. This half-hour 
interview with take place before the students surveyed. If you would like to preview 
the student survey you can see it at 
http://www.public.iastate.edu/~ssahin/survev.htm 
Courses selection will be based on class size, disciplinary area, and first response. 
Please reply this e-mail if you would like to participate in this research on your Web-
based course(s) in spring 2005 semester. 
You are encouraged to ask questions at any time during this study. For further 
information about the study, contact Sami Sahin, e-mail: ssahin@iastate.edu, 
tel: (515) 572-4283; or the supervising faculty member Dr. Niki Davis, e-mail: 
nedavis@iastate.edu, tel: (515) 294-5596. 
184 
If you have any questions about the rights of research subjects or research-related 
injury, please contact the Human Subjects Research Office, 2810 Beardshear Hall, 
(515) 294-4566; austingr@iastate.edu or the Research 
Compliance Officer, Office of Research Compliance, 2810 Beardshear Hall, (515) 
294-3115; dament@iastate.edu. 
I look forward to a reply from you. 
Sincerely, 
Sami Sahin, PhD. Candidate 
Curriculum & Instructional Technology 
N013 Lagomarcino Hall, Iowa State University 
Ames, Iowa 50011, 515-294 9997 
REFERENCES: 
Kolb, D. (1976). Learning style inventory. Boston: McBer and Company. Kolb, D. 
(1984). Experiential Learning, New Jersey: Prentice Hall, Inc. Kolb DA (1999). The 
Kolb Learning Style Inventory, Version 3. Boston: Hay Group. 
Walker, S. (2003). Development and Validation of an Instrument for Assessing 
Distance Education Learning Environments in Higher Education: The Distance 
Education Learning Environments Survey (Deles). Unpublished Doctor of Science 
Education Thesis, Curtin University of Technology, Perth, Australia. 
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APPENDIX H. FACTOR ANALYSIS OF THE DELES 
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ltem_1 
ltem_3 
ltem_5 
Item 7 
.88 
.91 
.81 
.78 
ltem_2 
ltem_4 
ltem_6 
Item 8 
.72 
.89 
.64 
.87 
ltem_9 
ltem_10 
ltem_11 
ltem_12 
ltem_13 
Item 14 
.89 
.84 
.86 
.85 
.90 
.83 
ltem_15 
ltem_16 
ltem_17 
ltem_18 
ltem_19 
ltem_20 
Item 21 
.87 
.79 
.88 
.86 
.88 
.68 
.84 
ltem_22 
ltem_23 
ltem_24 
ltem_25 
Item 26 
.73 
.78 
.85 
.84 
.82 
ltem_27 
ltem_28 
Item 29 
.77 
.91 
.85 
ltem_30 
ltem_31 
ltem_32 
ltem_33 
Item 34 
.77 
.74 
.82 
.88 
.85 
ltem_35 
ltem_36 
ltem_37 
ltem_38 
ltem_39 
ltem_40 
ltem_41 
Item 42 
.84 
.88 
.83 
.86 
.91 
.93 
.77 
.71 
%Variance 7.48 6.09 11.10 12.34 7.82 5.12 7.95 13.52 
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Communalities 
Initial Extraction 
S1 1.000 .800 
S2 1.000 .578 
S3 1.000 .849 
S4 1.000 .799 
S5 1.000 .776 
S6 1.000 .537 
S7 1.000 .593 
S8 1.000 .762 
S9 1.000 .808 
S10 1.000 .685 
S11 1.000 .758 
S12 1.000 .726 
S13 1.000 .821 
S14 1.000 .727 
S15 1.000 .780 
S16 1.000 .624 
S17 1.000 .794 
S18 1.000 .736 
S19 1.000 .779 
S20 1.000 .511 
S21 1.000 .719 
S22 1.000 .538 
S23 1.000 .638 
S24 1.000 .747 
S25 1.000 .768 
S26 1.000 .720 
S27 1.000 .552 
S28 1.000 .831 
S29 1.000 .782 
S30 1.000 .566 
S31 1.000 .524 
S32 1.000 .646 
S33 1.000 .758 
S34 1.000 .720 
S35 1.000 .714 
S36 1.000 .802 
S37 1.000 .712 
S38 1.000 .759 
S39 1.000 .820 
S40 1.000 .887 
S41 1.000 .646 
S42 1.000 .646 
Extraction Method: Principal Component Analysis. 
Total variance explainec 
Initial Extraction Sums Rotation Sums 
Eigenvalues of Squared 
Loadings 
of Squared 
Loadings 
Component Total %of  Cumulative Total %of  Cumulative Total %of  Cumulative 
Variance % Variance % Variance % 
1 11.234 26.748 26.748 11.234 26.748 26.748 5.649 13.451 13.451 
2 4.898 11.663 38.411 4.898 11.663 38.411 5.208 12.399 25.850 
3 3.793 9.031 47.441 3.793 9.031 47.441 4.650 11.072 36.922 
4 2.969 7.068 54.510 2.969 7.068 54.510 3.334 7.937 44.859 
5 2.268 5.401 59.910 2.268 5.401 59.910 3.277 7.803 52.663 
6 2.127 5.064 64.974 2.127 5.064 64.974 3.143 7.484 60.147 
7 1.475 3.511 68.485 1.475 3.511 68.485 2.534 6.032 66.179 
8 1.174 2.796 71.281 1.174 2.796 71.281 2.143 5.101 71.281 
9 .840 2.000 73.280 
10 .778 1.852 75.133 
11 .722 1.720 76.852 
12 .681 1.621 78.473 
13 .666 1.585 80.058 
14 .627 1.494 81.552 
15 .575 1.370 82.922 
16 .531 1.264 84.186 
17 .519 1.236 85.423 
18 .479 1.140 86.563 
19 .457 1.087 87.650 
20 .429 1.020 88.670 
21 .393 .936 89.607 
22 .361 .859 90.466 
23 .349 .831 91.298 
24 .324 .772 92.070 
25 .296 .705 92.775 
26 .273 .649 93.424 
27 .267 .636 94.060 
28 .252 .601 94.662 
29 .239 .570 95.231 
Initial Extraction Sums Rotation Sums 
Eigenvalues of Squared 
Loadings 
of Squared 
Loadings 
Component Total %of  Cumulative Total %of  Cumulative Total % of Cumulative 
Variance % Variance % Variance % 
30 .225 .535 95.766 
31 .208 .495 96.261 
32 .203 .484 96.745 
33 .188 .447 97.192 
34 .170 .404 97.596 
35 .161 .383 97.979 
36 .154 .367 98.346 
37 .148 .353 98.699 
38 .128 .304 99.003 
39 .124 .296 99.299 
40 .113 .268 99.567 
41 .108 .258 99.825 
42 7.361 E-02 .175 100.000 
Extraction Method: Principal Component Analysis. 
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APPENDIX I. THE DELES 
Scale Items 
Instructor Support In this class... 
1. If I have an inquiry, the instructor finds time to 
respond. 
2. The instructor helps me identify problem areas in my 
study. 
3. The instructor responds promptly to my questions. 
4. The instructor gives me valuable feedback on my 
assignments. 
5. The instructor adequately addresses my questions. 
6. The instructor encourages my participation. 
7. It is easy to contact the instructor. 
8. The instructor provides me with positive and negative 
feedback on my work. 
Student Interaction & 
Collaboration 
In this class... 
1. I work with others. 
2. I relate my work to other's work. 
3. I share information with other students. 
4. I discuss my ideas with other students. 
5. I collaborate with other students in the class. 
6. Group work is a part of my activities. 
Personal Relevance In this class... 
1. I can relate what I learn to my life outside of 
university. 
2. I am able to pursue topics that interest me. 
3. I can connect my studies to my activities outside of 
class. 
4. I apply my everyday experiences in class. 
5. I link class work to my life outside of university. 
6. I learn things about the world outside of university. 
7. I apply my out-of-class experience 
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Scale Items 
Authentic 
Learning 
In this class... 
1. I study real cases related to the class. 
2. I use real facts in class activities. 
3. I work on assignments that deal with real-world information. 
4. I work with real examples. 
5. I enter the real world of the topic of study 
Active Learning In this class... 
1. I explore my own strategies for learning. 
2. I seek my own answers. 
3. I solve my own problems. 
Student 
Autonomy 
In this class... 
1. I make decisions about my learning. 
2. I work during times that I find convenient. 
3. I am in control of my learning. 
4. I play an important role in my learning. 
5. I approach learning in my own way 
Response choices are: Always, Often, Sometimes, Seldom, and Never. 
Enjoyment 
1. Distance Education is stimulating. 
2. I prefer Distance Education. 
3. Distance Education is exciting. 
4. Distance Education is worth my time. 
5. I enjoy studying by distance. 
6. I look forward to learning by distance. 
7. I would enjoy my Education more if all my classes were by 
distance. 
Learning style preferences & demographic characteristics: Converger versus Assimilator 
B Std. Error Wald df Sig. Exp(B) 95% Confidence 
Interval for Exp(B) 
Learning 
Styles 
Lower 
Bound 
Upper 
Bound 
Converger Intercept .453 .645 .492 1 .483 
Female -.106 .387 .075 1 .784 .900 .421 1.921 
Male 0 0 
18-21 .142 372 .147 1 .702 1.153 .556 2.390 
Above 21 0 0 
Agriculture .133 .693 .037 1 .848 1.142 .294 4.438 
Business -.993 .816 1.482 1 .223 .370 7.487E-02 1.832 
Design -8.601 E-02 1.083 .006 1 .937 .918 .110 7.659 
Education -1.153 1.356 .723 1 .395 .316 2.213E-02 4.504 
Engineering 1.720 .957 3.232 1 .072 5.587 .856 36.451 
Family and Consumer Sciences .689 1.009 .466 1 .495 1.991 .275 14.391 
Liberal Arts and Sciences -1.317 .640 4.233 1 .040 .268 7.642E-02 .939 
Veterinary Medicine 0 0 
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Learning style preferences & demographic characteristics: Accommodator versus Assimilator 
B Std. Error Wald df Sig. Exp(B) 95% Confidence 
Interval for Exp(B) 
Learning 
Styles 
Lower 
Bound 
Upper 
Bound 
Accommodator Intercept -1.446E-02 .688 .000 1 983 
Female .603 .439 1.888 1 .169 1.828 .773 4.323 
Male 0 0 
18-21 -.125 .397 .099 1 .753 .882 .405 1.921 
Above 21 0 0 
Agriculture -5.479E-02 .736 .006 1 .941 .947 .224 4.008 
Business -.884 .864 1.047 1 .306 .413 7.602E-02 2.245 
Design .711 1.016 .489 1 .484 2.035 .278 14.912 
Education 1.244 .976 1.625 1 .202 3.468 .513 23.467 
Engineering .310 1.108 .078 1 .780 1.363 .155 11.971 
Family and Consumer Sciences 1.072 .985 1.185 1 .276 2.921 .424 20.115 
Liberal Arts and Sciences -1.630 .681 5.727 1 .017 .196 5.154E-02 .744 
Veterinary Medicine 0 0 
CD hJ 
Learning style preferences and demographic characteristics: Diverger versus Assimilator 
B Std. Error Wald df Sig. Exp(B) 95% Confidence 
Interval for Exp(B) 
Learning 
Styles 
Lower 
Bound 
Upper 
Bound 
Diverger Intercept -2.235 1.170 3.648 1 .056 
Female .447 .468 .911 1 .340 1.563 .625 3.911 
Male 0 0 
18-21 .516 .423 1.491 1 .222 1.676 732 3.839 
Above 21 0 0 
Agriculture 1.382 1.202 1.322 1 .250 3.983 .378 42.019 
Business -19.623 .000 1 3.004E-09 3.004E-09 3.004E-09 
Design .729 1.649 .195 1 .659 2.072 8.173E-02 52.534 
Education 1.439 1.490 .933 1 .334 4.217 .227 78.230 
Engineering 1.950 1.505 1.679 1 .195 7.028 .368 134.119 
Family and Consumer Sciences 2.922 1.364 4.592 1 .032 18.580 1.283 268.974 
Liberal Arts and Sciences .990 1.131 .766 1 .381 2.691 .293 24.708 
Veterinary Medicine 0 0 
CD 
co 
Mean Difference (1-
J) 
Std. Error Sig. 95% Confidence 
Interval 
Dependent Variable (i) 
COURSE 
(j) 
COURSE 
Lower Bound Upper 
Bound 
ENROLMENT 
STATUS 
Course-A Course-B 3.291 E-02 6.073E-
02 
1.000 -.1390 .2048 
Course-C .1159 9.039E-
02 
.1544 
.1020 
6.073E-
02 
9.133E-
02 
.1550 
.1028 
9.039E-
02 
9.133E-
02 
.1688 
.1227 
.1544 
.1550 
.1688 
.1753 
.1020 
.1028 
.1227 
.1753 
1.000 -.1399 .3717 
Course-B 
Course-D 
Course-E 
Course-A 
-1.6716E-02 
6.541 E-02 
-3.2907E-02 
1.000 
1.000 
1.000 
-.4537 
-.2232 
-.2048 
.4203 
.3540 
.1390 
Course-C 8.299E-02 1.000 -.1755 .3415 
Course-C 
Course-D 
Course-E 
Course-A 
-4.9622E-02 
3.250E-02 
-.1159 
1.000 
1.000 
1.000 
-.4882 
-.2585 
-.3717 
.3889 
.3235 
.1399 
Course-B -8.2994E-02 1.000 -.3415 .1755 
Course-D 
Course-E 
Course-D 
Course-E 
Course-A 
Course-B 
Course-C 
Course-E 
Course-A 
Course-B 
Course-C 
Course-D 
-.1326 
-5.0491 E-02 
1.672E-02 
4.962E-02 
.1326 
8.213E-02 
-6.5410E-02 
-3.2503E-02 
5.049E-02 
-8.2126E-02 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
-.6103 
-.3977 
-.4203 
-.3889 
-.3451 
-.4139 
-.3540 
-.3235 
-.2967 
-.5782 
.3451 
.2967 
.4537 
.4882 
.6103 
.5782 
.2232 
.2585 
.3977 
.4139 
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The mean difference is significant at the .05 level. 
g 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
WBL EXPERIENCE Course-A Course-B -.4642 .1314 .005 -.8362 -9.2262E-02 
Course-C -.5186 .1982 .094 -1.0794 4.219E-02 
Course-D .2370 .3342 1.000 -.7087 1.1826 
Course-E .1597 .2207 1.000 -.4649 .7843 
Course-B Course-A .4642 .1314 .005 9.226E-02 .8362 
Course-C -5.4369E-02 .2002 1.000 -.6208 .5121 
Course-D .7012 .3353 .375 -.2479 1.6502 
Course-E .6239 .2225 ,054 -5.7909E-03 1.2536 
Course-C Course-A .5186 .1982 .094 -4.2189 E-02 1.0794 
Course-B 5.437E-02 .2002 1.000 -.5121 .6208 
Course-D .7556 .3667 .403 -.2821 1.7933 
Course-E .6783 .2674 .118 -7.8454E-02 1.4350 
Course-D Course-A -.2370 .3342 1.000 -1.1826 .7087 
Course-B -.7012 .3353 .375 -1.6502 .2479 
Course-C -.7556 .3667 .403 -1.7933 .2821 
Course-E -7.7295E-02 .3793 1.000 -1.1508 .9962 
Course-E Course-A -.1597 .2207 1.000 -.7843 .4649 
Course-B -.6239 .2225 .054 -1.2536 5.791 E-03 
Course-C -.6783 .2674 .118 -1.4350 7.845E-02 
Course-D 7.729E-02 .3793 1.000 -.9962 1.1508 
* The mean difference is significant at the .05 level. 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
STUDY HOUR Course-A Course-B .7318 .4136 .780 -.4388 1.9024 
Course-C -5.6523E-02 .6156 1.000 -1.7987 1.6857 
Course-D 1.2517 1.0517 1.000 -1.7244 4.2279 
Course-E -2.0720 .6946 .031 -4.0376 -.1063 
Course-B Course-A -.7318 .4136 .780 -1.9024 .4388 
Course-C -.7883 .6220 1.000 -2.5486 .9720 
Course-D .5200 1.0554 1.000 -2.4668 3.5068 
Course-E -2.8037 .7003 .001 -4.7854 -.8220 
Course-C Course-A 5.652E-02 .6156 1.000 -1.6857 1.7987 
Course-B .7883 .6220 1.000 -.9720 2.5486 
Course-D 1.3082 1.1497 1.000 -1.9454 4.5618 
Course-E -2.0154 .8356 .165 -4.3802 .3493 
Course-D Course-A -1.2517 1.0517 1.000 -4.2279 1.7244 
Course-B -.5200 1.0554 1.000 -3.5068 2.4668 
Course-C -1.3082 1.1497 1.000 -4.5618 1.9454 
Course-E -3.3237 1.1938 .057 -6.7022 5.485E-02 
Course-E Course-A 2.0720 .6946 .031 .1063 4.0376 
Course-B 2.8037 .7003 .001 .8220 4.7854 
Course-C 2.0154 .8356 .165 -.3493 4.3802 
Course-D 3.3237 1.1938 .057 -5.4847E-02 6.7022 
* The mean difference is significant at the .05 level. 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
SCIENCE Course-A Course-B -.1940 .1233 1.000 -.5430 .1550 
PERCEPTION 
Course-C -.3587 .1854 .541 -.8835 .1661 
Course-D -.5143 .3127 1.000 -1.3993 .3707 
Course-E -7.4644E-02 .2065 1.000 -.6591 .5099 
Course-B Course-A .1940 .1233 1.000 -.1550 .5430 
Course-C -.1647 .1875 1.000 -.6954 .3660 
Course-D -.3203 .3139 1.000 -1.2088 .5682 
Course-E .1194 .2084 1.000 -.4705 .7092 
Course-C Course-A .3587 .1854 .541 -.1661 .8835 
Course-B .1647 .1875 1.000 -.3660 .6954 
Course-D -.1556 .3431 1.000 -1.1267 .8156 
Course-E .2841 .2502 1.000 -.4241 .9922 
Course-D Course-A .5143 .3127 1.000 -.3707 1.3993 
Course-B .3203 .3139 1.000 -.5682 1.2088 
Course-C .1556 .3431 1.000 -.8156 1.1267 
Course-E .4396 .3550 1.000 -.5650 1.4443 
Course-E Course-A 7.464E-02 .2065 1.000 -.5099 .6591 
Course-B -.1194 .2084 1.000 -.7092 .4705 
Course-C -.2841 .2502 1.000 -.9922 .4241 
Course-D -.4396 .3550 1.000 -1.4443 .5650 
* The mean difference is significant at the .05 level. 
CO 
-vl 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
GENDER Course-A Course-B -4.6764E-02 6.434E-02 1.000 -.2288 .1353 
Course-C .2723 9.551 E-02 .047 2.033E-03 .5426 
Course-D -.1219 .1632 1.000 -.5837 .3398 
Course-E .3902 .1078 .004 8.518E-02 .6951 
Course-B Course-A 4.676E-02 6.434E-02 1.000 -.1353 .2288 
Course-C .3191 9.662E-02 .011 4.568E-02 .5925 
Course-D -7.5163E-02 .1638 1.000 -.5388 .3884 
Course-E .4369 .1087 .001 .1292 .7447 
Course-C Course-A -.2723 9.551 E-02 .047 -.5426 -2.0325E-03 
Course-B -.3191 9.662E-02 .011 -.5925 -4.5677E-02 
Course-D -.3943 .1784 .279 -.8991 .1105 
Course-E .1178 .1296 1.000 -.2491 .4847 
Course-D Course-A .1219 .1632 1.000 -.3398 .5837 
Course-B 7.516E-02 .1638 1.000 -.3884 .5388 
Course-C .3943 .1784 .279 -.1105 .8991 
Course-E .5121 .1852 .061 -1.2106E-02 1.0363 
Course-E Course-A -.3902 .1078 .004 -.6951 -8.5178E-02 
Course-B -.4369 .1087 .001 -.7447 -.1292 
Course-C -.1178 .1296 1.000 -.4847 .2491 
Course-D -.5121 .1852 .061 -1.0363 1.211 E-02 
* The mean difference is significant at the .05 level. 
CD CO 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
AGE Course-A Course-B -.1050 6.454E-02 1.000 -.2876 7.767E-02 
Course-C -4.2339E-02 9.594E-02 1.000 -.3138 .2292 
Course-D -.5764 .1638 .005 -1.0399 -.1129 
Course-E -.4701 .1082 .000 -.7764 -.1638 
Course-B Course-A .1050 6.454E-02 1.000 -7.7667E-02 .2876 
Course-C 6.264E-02 9.684E-02 1.000 -.2114 .3367 
Course-D -.4714 .1643 .044 -.9364 -6.3855E-03 
Course-E -.3651 .1090 .009 -.6737 -5.6592E-02 
Course-C Course-A 4.234E-02 9.594E-02 1.000 -.2292 .3138 
Course-B -6.2637E-02 9.684E-02 1.000 -.3367 .2114 
Course-D -.5341 .1790 .031 -1.0406 -2.7482E-02 
Course-E -.4278 .1301 .011 -.7960 -5.9589E-02 
Course-D Course-A .5764 .1638 .005 .1129 1.0399 
Course-B .4714 .1643 .044 6.385E-03 .9364 
Course-C .5341 .1790 .031 2.748E-02 1.0406 
Course-E .1063 .1859 1.000 -.4197 .6323 
Course-E Course-A .4701 .1082 .000 .1638 .7764 
Course-B .3651 .1090 .009 5.659E-02 .6737 
Course-C .4278 .1301 .011 5.959E-02 .7960 
Course-D -.1063 .1859 1.000 -.6323 .4197 
* The mean difference is significant at the .05 level. 
CO 
CO 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
MAJOR Course-A Course-B .9800 .3355 .038 3.041 E-02 1.9296 
Course-C .3320 .4994 1.000 -1.0813 1.7453 
Course-D .2173 .8531 1.000 -2.1969 2.6315 
Course-E -1.1112 .5634 .496 -2.7057 .4833 
Course-B Course-A -.9800 .3355 .038 -1.9296 -3.041 OE-02 
Course-C -.6480 .5046 1.000 -2.0759 .7800 
Course-D -.7627 .8561 1.000 -3.1855 1.6602 
Course-E -2.0912 .5680 .003 -3.6987 -.4836 
Course-C Course-A -.3320 .4994 1.000 -1.7453 1.0813 
Course-B .6480 .5046 1.000 -.7800 2.0759 
Course-D -.1147 .9326 1.000 -2.7540 2.5246 
Course-E -1.4432 .6778 .341 -3.3615 .4751 
Course-D Course-A -.2173 .8531 1.000 -2.6315 2.1969 
Course-B .7627 .8561 1.000 -1.6602 3.1855 
Course-C .1147 .9326 1.000 -2.5246 2.7540 
Course-E -1.3285 .9684 1.000 -4.0691 1.4121 
Course-E Course-A 1.1112 .5634 .496 -.4833 2.7057 
Course-B 2.0912 .5680 .003 .4836 3.6987 
Course-C 1.4432 .6778 .341 -.4751 3.3615 
Course-D 1.3285 .9684 1.000 -1.4121 4.0691 
* The mean difference is significant at the .05 level. 
ho 
o 
o 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
INSTRUCTOR Course-A Course-B -3.9408453E-02 .1397438 1.000 -.4351578 .3563409 
INTERACTION 
Course-C .6049690 .2104829 .044 8.888948 E-03 1.2010490 
Course-D .4250038 .4153898 1.000 -.7513654 1.6013730 
Course-E 6.869521 E-02 .2320387 1.000 -.5884303 .7258207 
Course-B Course-A 3.940845E-02 .1397438 1.000 -.3563409 .4351578 
Course-C .6443775 .2125499 .027 4.244377E-02 1.2463111 
Course-D .4644123 .4164410 1.000 -.7149338 1.6437584 
Course-E .1081037 .2339153 1.000 -.5543362 .7705436 
Course-C Course-A -.6049690 .2104829 .044 -1.2010490 -
8.8889476E-
Course-B -.6443775 .2125499 .027 -1.2463111 
uo 
4.2443773E-
no 
Course-D -.1799652 .4451942 1.000 -1.4407392 
uz 
1.0808088 
Course-E -.5362738 .2819417 .583 -1.3347226 .2621750 
Course-D Course-A -.4250038 .4153898 1.000 -1.6013730 .7513654 
Course-B -.4644123 .4164410 1.000 -1.6437584 .7149338 
Course-C .1799652 .4451942 1.000 -1.0808088 1.4407392 
Course-E -.3563086 .4557815 1.000 -1.6470656 .9344484 
Course-E Course-A -6.8695212E-02 .2320387 1.000 -.7258207 .5884303 
Course-B -.1081037 .2339153 1.000 -.7705436 .5543362 
Course-C .5362738 .2819417 .583 -.2621750 1.3347226 
Course-D .3563086 .4557815 1.000 -.9344484 1.6470656 
* The mean difference is significant at the .05 level. 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
INSRUCTOR Course-A Course-B -.1405936 .1331336 1.000 -.5176231 .2364359 
FEEDBACK 
Course-C -.1408271 .2005266 1.000 -.7087113 .4270570 
Course-D -1.2522125 .3957409 .017 -2.3729368 -.1314882 
Course-E -1.0890991 .2210628 .000 -1.7151410 -.4630571 
Course-B Course-A .1405936 .1331336 1.000 -.2364359 .5176231 
Course-C -2.3351280E-04 .2024958 1.000 -.5736944 .5732273 
Course-D -1.1116189 .3967424 .055 -2.2351793 1.194151E-
no 
Course-E -.9485054 .2228506 .000 -1.5796104 -.3174004 
Course-C Course-A .1408271 .2005266 1.000 -.4270570 .7087113 
Course-B 2.335128E-04 .2024958 1.000 -.5732273 .5736944 
Course-D -1.1113854 .4241355 .093 -2.3125219 8.975121 E-
no 
Course-E -.9482719 .2686052 .005 -1.7089523 -.1875915 
Course-D Course-A 1 2522125 .3957409 .017 .1314882 2.3729368 
Course-B 1.1116189 .3967424 .055 -1.1941511 E-02 2.2351793 
Course-C 1.1113854 .4241355 .093 -8.9751214E-02 2.3125219 
Course-E .1631134 .4342220 1.000 -1.0665878 1.3928147 
Course-E Course-A 1.0890991 .2210628 .000 .4630571 1.7151410 
Course-B .9485054 .2228506 .000 .3174004 1.5796104 
Course-C .9482719 .2686052 .005 .1875915 1.7089523 
Course-D -.1631134 .4342220 1.000 -1.3928147 1.0665878 
* The mean difference is significant at the .05 level. 
M O M 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
STUDENT Course-A Course-B .1398816 .1256192 1.000 -.2156790 .4954421 
INTERACTION 
Course-C -.2866716 .1879739 1.000 -.8187251 .2453818 
Course-D -1.2812154 .3166052 .001 -2.1773551 -.3850757 
Course-E -1.2453601 .2131882 .000 -1.8487817 -.6419386 
Course-B Course-A -.1398816 .1256192 1.000 -.4954421 .2156790 
Course-C -.4265532 .1899435 .255 -.9641815 .1110752 
Course-D -1.4210970 .3177785 .000 -2.3205577 -.5216362 
Course-E -1.3852417 .2149268 .000 -1.9935845 -.7768989 
Course-C Course-A .2866716 .1879739 1.000 -.2453818 .8187251 
Course-B .4265532 .1899435 .255 -.1110752 .9641815 
Course-D -.9945438 .3471847 .045 -1.9772377 -
1.1849912E-
no 
Course-E -.9586885 .2564129 .002 -1.6844561 -.2329210 
Course-D Course-A 1.2812154 .3166052 .001 .3850757 2.1773551 
Course-B 1.4210970 .3177785 .000 .5216362 2.3205577 
Course-C .9945438 .3471847 .045 1.184991 E-02 1.9772377 
Course-E 3.585527E-02 .3614584 1.000 -.9872400 1.0589505 
Course-E Course-A 1.2453601 .2131882 .000 .6419386 1.8487817 
Course-B 1.3852417 .2149268 .000 .7768989 1.9935845 
Course-C .9586885 .2564129 .002 .2329210 1.6844561 
Course-D -3.5855269E-02 .3614584 1.000 -1.0589505 .9872400 
* The mean difference is significant at the .05 level. 
M 
o 
co 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
PERSONAL 
RELEVANCE 
Course-A Course-B -.4585845 .1347493 .008 -.8400480 
7.7121021 E-
02 
Course-B 
Course-C 
Course-C 
Course-D 
Course-E 
Course-A 
Course-C 
Course-D 
Course-E 
Course-A 
Course-B 
Course-D 
Course-E 
-9.8070217E-02 
-.6001740 
-.8829885 
.4585845 
.3605143 
-.1415894 
-.4244039 
9.807022E-02 
-.3605143 
-.5021037 
-.7849182 
.2058882 
.3372276 
.2271676 
.1347493 
.2081960 
.3386415 
.2292614 
.2058882 
.2081960 
.3727072 
.2771161 
1.000 
.763 
.001 
.008 
.845 
1.000 
.653 
1.000 
.845 
1.000 
.050 
-.6809218 
-1.5548360 
-1.5260804 
7.712102E-02 
-.2288706 
-1.1002543 
-1.0734231 
-.4847813 
-.9498992 
-1.5572056 
-1.5694101 
.4847813 
.3544881 
-.2398965 
.8400480 
.9498992 
.8170754 
.2246152 
.6809218 
.2288706 
.5529981 
4.2641223E-
04 
1.5548360 
1.1002543 
1.5572056 
.8067226 
1.5260804 
1.0734231 
1.5694101 
1.3723516 
Course-D 
Course-E 
Course-A 
Course-B 
Course-C 
Course-E 
Course-A 
Course-B 
Course-C 
Course-D 
.6001740 
.1415894 
.5021037 
-.2828145 
.8829885 
.4244039 
.7849182 
.2828145 
.3372276 
.3386415 
.3727072 
.3848712 
.2271676 
.2292614 
.2771161 
.3848712 
.763 
1.000 
1.000 
1.000 
.001 
.653 
.050 
1.000 
-.3544881 
-.8170754 
-.5529981 
-1.3723516 
.2398965 
-.2246152 
4.264122E-04 
-.8067226 
* The mean difference is significant at the .05 level. 
i\) 
o 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
AUTHENTIC Course-A Course-B -.2159592 .1384505 1.000 -.6079651 .1760467 
LEARNING 
Course-C -8.8106964E-02 .2064316 1.000 -.6725933 .4963794 
Course-D -.3442055 .3424417 1.000 -1.3137880 .6253770 
Course-E -.6542606 .2353966 .058 -1.3207578 1.223656E-
no 
Course-B Course-A .2159592 .1384505 1.000 -.1760467 .6079651 
Course-C .1278522 .2091449 1.000 -.4643164 .7200208 
Course-D -.1282463 .3440841 1.000 -1.1024791 .8459865 
Course-E -.4383014 .2377795 .664 -1.1115457 .2349428 
Course-C Course-A 8.810696E-02 .2064316 1.000 -.4963794 .6725933 
Course-B -.1278522 .2091449 1.000 -.7200208 .4643164 
Course-D -.2560985 .3766157 1.000 -1.3224406 .8102435 
Course-E -.5661536 .2828155 .463 -1.3669117 .2346044 
Course-D Course-A .3442055 .3424417 1.000 -.6253770 1.3137880 
Course-B .1282463 .3440841 1.000 -.8459865 1.1024791 
Course-C .2560985 .3766157 1.000 -.8102435 1.3224406 
Course-E -.3100551 .3932390 1.000 -1.4234641 .8033538 
Course-E Course-A .6542606 .2353966 .058 -1.2236564E-02 1.3207578 
Course-B .4383014 .2377795 .664 -.2349428 1.1115457 
Course-C .5661536 .2828155 .463 -.2346044 1.3669117 
Course-D .3100551 .3932390 1.000 -.8033538 1.4234641 
* The mean difference is significant at the .05 level. 
ro 
o 
cn 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
ACTIVE LEARNING Course-A Course-B -2.1847763E-02 .1372386 1.000 -.4103335 .3666379 
Course-C .1654313 .2024396 1.000 -.4076210 .7384836 
Course-D .1243031 .3886269 1.000 -.9757954 1.2244016 
Course-E -.1565964 .2421477 1.000 -.8420517 .5288588 
Course-B Course-A 2.184776E-02 .1372386 1.000 -.3666379 .4103335 
Course-C .1872791 .2050559 1.000 -.3931791 .7677372 
Course-D .1461508 .3899961 1.000 -.9578236 1.2501252 
Course-E -.1347487 .2443391 1.000 -.8264072 .5569099 
Course-C Course-A -.1654313 .2024396 1.000 -.7384836 .4076210 
Course-B -.1872791 .2050559 1.000 -.7677372 .3931791 
Course-D -4.1128238E-02 .4174258 1.000 -1.2227489 1.1404924 
Course-E -.3220278 .2860926 1.000 -1.1318792 .4878237 
Course-D Course-A -.1243031 .3886269 1.000 -1.2244016 .9757954 
Course-B -.1461508 .3899961 1.000 -1.2501252 .9578236 
Course-C 4.112824E-02 .4174258 1.000 -1.1404924 1.2227489 
Course-E -.2808995 .4380617 1.000 -1.5209347 .9591356 
Course-E Course-A .1565964 .2421477 1.000 -.5288588 .8420517 
Course-B .1347487 .2443391 1.000 -.5569099 .8264072 
Course-C .3220278 .2860926 1.000 -.4878237 1.1318792 
Course-D .2808995 .4380617 1.000 -.9591356 1.5209347 
* The mean difference is significant at the .05 level. 
M 
o 
CD 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
STUDENT Course-A Course-B -3.5555477E-02 .1384046 1.000 -.4272925 .3561816 
AUTHONOMY 
Course-C -3.5136552E-02 .2076393 1.000 -.6228341 .5525610 
Course-D -.1212747 .3693934 1.000 -1.1667973 .9242479 
Course-E -6.8631171 E-02 .2311794 1.000 -.7229560 .5856937 
Course-B Course-A 3.555548E-02 .1384046 1.000 -.3561816 .4272925 
Course-C 4.189251 E-04 .2095793 1.000 -.5927695 .5936074 
Course-D -8.5719234E-02 .3704874 1.000 -1.1343382 .9628997 
Course-E -3.3075694E-02 .2329234 1.000 -.6923368 .6261854 
Course-C Course-A 3.513655E-02 .2076393 1.000 -.5525610 .6228341 
Course-B -4.1892511 E-04 .2095793 1.000 -.5936074 .5927695 
Course-D -8.6138159E-02 .4015211 1.000 -1.2225941 1.0503178 
Course-E -3.3494619E-02 .2796634 1.000 -.8250473 .7580581 
Course-D Course-A .1212747 .3693934 1.000 -.9242479 1.1667973 
Course-B 8.571923E-02 .3704874 1.000 -.9628997 1.1343382 
Course-C 8.613816E-02 .4015211 1.000 -1.0503178 1.2225941 
Course-E 5.264354E-02 .4141848 1.000 -1.1196554 1.2249425 
Course-E Course-A 6.863117E-02 .2311794 1.000 -.5856937 .7229560 
Course-B 3.307569E-02 .2329234 1.000 -.6261854 .6923368 
Course-C 3.349462 E-02 .2796634 1.000 -.7580581 .8250473 
Course-D -5.2643540E-02 .4141848 1.000 -1.2249425 1.1196554 
* The mean difference is significant at the .05 level. 
Mean Difference (l-J) Std. Error Sig. 95% Confidence Interval 
Dependent Variable (1) COURSE (J) COURSE Lower Bound Upper Bound 
SATISFACTION Course-A Course-B -.1379181 .1365695 1.000 -.5244494 .2486133 
Course-C -.1201641 .2048864 1.000 -.7000519 .4597236 
Course-D .4803508 .3450909 1.000 -.4963564 1.4570581 
Course-E -.1435879 .2281144 1.000 -.7892176 .5020419 
Course-B Course-A .1379181 .1365695 1.000 -.2486133 .5244494 
Course-C 1 775393E-02 .2068006 1.000 -.5675518 .6030597 
Course-D .6182689 .3462309 .753 -.3616647 1.5982026 
Course-E -5.6697902E-03 .2298352 1.000 -.6561701 .6448305 
Course-C Course-A .1201641 .2048864 1.000 -.4597236 .7000519 
Course-B -1.7753927E-02 .2068006 1.000 -.6030597 .5675518 
Course-D .6005150 .3784217 1.000 -.4705281 1.6715581 
Course-E -2.3423717E-02 .2759555 1.000 -.8044577 .7576102 
Course-D Course-A -.4803508 .3450909 1.000 -1.4570581 .4963564 
Course-B -.6182689 .3462309 .753 -1.5982026 .3616647 
Course-C -.6005150 .3784217 1.000 -1.6715581 .4705281 
Course-E -.6239387 .3914853 1.000 -1.7319555 .4840781 
Course-E Course-A .1435879 .2281144 1.000 -.5020419 .7892176 
Course-B 5.669790E-03 .2298352 1.000 -.6448305 .6561701 
Course-C 2.342372E-02 .2759555 1.000 -.7576102 .8044577 
Course-D .6239387 .3914853 1.000 -.4840781 1.7319555 
* The mean difference is significant at the .05 level. 
ho 
o 
CO 
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